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[Salvate ] Perawe Gross
ot Yicld Yield Cruds ileid

{IE9E3, SPRCIALTY RESIDUALS 2,778 Tkl 2,730

Tharael Relarmed g1 Oc23 Eon)

Tl Grasked 12364 1968 Wl 1
iebad by Theeme] Conversien 5,461 1999 16,0l

folytds rolymey 1/

_9:03 50

Yotul Convawrsion ilesidual YV 19,93 10, 58k s
3,518 1053 3,00

e s -

11,523 30,5 ~ p P

LiALL FROCESS LOSS 2,211 7ol A e

VEQES PRCIUCTS 3y 559 920 47200 v

51 {PAY, ORUDE CHARCE g/ 37,500 100.,0 52,200

Trermal ralormed Cuse 2l dpE 3,730
Phormal Cracked Dose 5,776 35,510 -l B7h

1l Conversion Hase 5,500 17033 8. 604

cidadytde Cracked Base L..209 0036 b.l92 o

Couversion Base 8,709 1789 13,096 e

raight Run Base 3,739 =20 WL 130 -
tAL, ST.\BLEL GASCLINE . -
HASE STOCIS 10,(.'!-31‘8 27«.8‘ :"S; n28

Swhln Ceracking {acpeittens 20 0L HE

oy isversion Bland Stock o/ e Jedet A X :

Blaeel Crtalytie Conversion Blend
Sihonic L 0,50 1.9%

Allgylation Blemd Stock b/ e 0.3 ] o
2OTAL STABLE GASCLINE - A
SHD SYOCK3 24 0,61 2.078

wite

{Loublmmed on next page)




Syass Yiolvs

o

2 Opwration Versus the ﬂc-u"nti o Sor Wit o

Lokl Bago

Opopsdd Bana

/3300 Flotoy Base

Motor Lsae

comr vl Y20 4] S e

Cadamr Stk 6f o 0300 Kl

,im‘..mu B.W d Stock b 0Z 2,15

'L STAELE MOTOR GASOLINE e e ‘
; AMJ m"\ STOCHS ¢.59h Thavl N

shrwight, nn dvimbion Unes o/

Tetal avistion Base

wintlon ilic late 81
ingustars df o0 ue
Lyl (‘1'%):’( 0y Isopontane 4

Al STAS AV.LA’J.TO CASOLYHE

CANE AMD iLLxHJ QCRS

+,  Psbenvluel virginp napathendc stosks.

nolads axaeasos over the ouarbitien ohitis vt bl awnilnll

Az soeoks in the fivad avees bioisig,

kroens charge stock to all

Lon caperddaldiy o

ok derived by crude Drwstionabtiong pofon

aoling aiv raswoeodsls.,

4, dardsed by bgdeegenakion of osTinm
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alytic Cracking syobone.,

ia Ldter estimates have dndicated 2 weind D990 prcdnesler vinlan oF

SR I on retrde bong far Sovier crude addi.,
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the pensral soupweition dotoils setusily naBsEseey Lo

nraessary dotalls 4% s bolfeved tkad 4h: avadtabls -

ERGIELLy bo veepsnily wamint such a reneel corpariso, o -

ties currently in progiess to nrovide tha misring oo

shwtens dn tho preceding vield poetinblo} eqwreon, 5% 43 o

2 Wit practlcable avlation pauoline biends wouiad
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and of smymthatic ol ga;ohne derivatives, corgleting of tase and hlerl st a
of variovs types, High ootans avgus additivea wre typiaselly required ho & mpieasn:
the isooctans type of- catalytic high ochans biend stocl:, canerally constls nad oy
technical iscoctane ard the useal svistion alkylate. Ths additiwes in que ada
are ordinarily ¢yelie hydrocarbons in commereind prastice, a:l.the:z; ;mphthz.«n Lo
aromatic but vsually aromatic, Important commereisl scurces of the at;;diti'-iaares ﬂ
in particular processes of the syrthetie oli indnabry, and {n opaaiald proc sinog
(usually catalytic) applied in matural pebrolewm refining.
Available intelligence on the Sovieh syathetic oil ludustev 4o not ¢apidere: o
be complete encugh for correlation in the preseubv suxvey of potontisads, e
. darivation of the avgas additives £rom potreioum, an Important p:%eréailﬂ.ng funnes
in modern practice has been a type of eatalyiic reforming ralled Bydrofuzuad iz,
Catalytie alkylation of bonzems is algo an impartant comoreial scurce ut‘h't--';sze ELHAR
tives; where the benzens is derived either [ om petrolienm oo Lram mﬂ:'ea':':?_:: > N
processing, Ourrent intelligencs provides prectideally no iaformation with aspest
to the possible Soviet applications of mrdrm’.'oﬁning amd tensene aM]Aﬁiau, Yok uddr, .
gencs is_further extramely Tragnentary in regzerd to the reparged Sov:i._eﬁfs usae of,
and experimentation w:!.th,;, special thermal relorming prosapzas pousibly prod:cing
aromatic additives from petrolewn naphthas, The l‘lnti'_.ea;- are reapect:l.m k:n‘a'un as
the Pyrolywis and Dubroval processes, and they both appevy to. be very M£iazient
in results,
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Althouch intelligence eshinates have boen nmade of noszible Soviet awpree yrodu
(%) i

Lion turoagh fiscal 19,‘;'3.,. these cobimates cre net extanded to cover the poie

possible upon completicn of the major foaturses of tvhe high octars rating nrasrd or,
The proceding conparison of porerdind yisidcs is made wpon the basis of wlto:ola

; I 5 3
vields of aviation gasoline: ecoumparing yiclds ag nerseataes of the cimids ity

!

the estinated 1950 data talken as the basis b corgrardson, whe hypothstical o

-

octane rating orooroa ~rovides Sor a ierper oroduetioa increase in the ot

avjag stoclis than in the tstal for all raseline stocks. Aeforeing to tae csiiarber
and nominnl potential for -uvéas stock prodw:tior in 1950, the high octane pahing
progran brings this potentjtal to a hypothetical crude percontage valus in the TR,
about equivalent to the prasent correspounding vulue ia the US, The latber ung &

value approcdimately attained durins actual ordd Var IY oporaticns in the L0

Lven assumin: that the Soviets have facilities to utilize the hypothetice 12y
0\

cxponded avgas yiclds in gaestion, the utilization of the /ull potential wr:
preswchly occux only in time of total uar y siilarly s Lo the USs The lich

). P R T Sk L LT P S S
CCLUSC raniiy, 0o raa wucllivics woldd =~

nebly othizdce hare wbilizoticn 1o

a larger axtent for the nroduetion of wotor casoliaes of suill bczttci quality,

in Mew of the aviation rasolines tiwt could be woduveed i requireds, Lurther
techuical considerations show that the roce ding ponoead esboevison of ricid
potentials would still be applicalie in thie cise, cxcgapt. that the hicﬁ octum rad.

ing focilities might hove an overall capacity to eonvort a soncwhat lorgor creents

ae on crude imto posential jusoline ctocks.

-20 -
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1, Purpose of the Analysis.

. Teohnical data and availeble Malli.gémé ara correlated‘ inthj_s Uy

to determing what might be a logical and a&mnﬁage@:;a progan fore t;;e conelruction
of naw refindng facilities to obtain high setens ratings in the U’SSR_.,,. In view of tac
linited availability of detailed technical date on Soviet ol stockg;; the application
of engineering factars is in large part idsalized for thip pu;-poae; Consideratsons
necessarily become theoreti@ ad generalized where defindts imbellgerse it fraguose
tayy or laoldng, It is poszibla, however, to indioate optimm looations whore cataly -
tic and other units of designated size ard typs appear to be plausible end prestical,
Although the available intelligence reveals fae definite footo m.rggm'd to the actust
Soviet refinery construction prograus, 1% is loowr that the Soviets &re ourrently ghv-
ing much sttention to the theories aof catslﬁio refimdng, Conclug;pgé' na to an opf-i'mnni ‘
Program are hers develsoped from & gondonsed oritical suwrvey o;E' f.he ecc;;@}a'°appltoa~
bilities, ard Lumtations of modern refinam;y practices;, and of the related dvdication:,
probabilitics, and possibilities m'the'ussn; | |

2, Besis of the Stv:rdx.

The presant study assmzwa.vthatb i’u@m-a Soviet refinery nciletrﬁr:t;!.or; iw:u.'s. abtatn
a total relative capacity for cath];ztic oonvers:lén'nt least i:mnputiﬁie;i‘ﬁith ;ha.t

[ ;

o 2] »




presently exists in the US. It igs notad, “wwewar. trat t.is trend iz rot ragy

\

established a8 a prevailing 'sctor in the achuel Soviet plmas. The presen s taedy
merely resvives as an estimate of prectible rosults if the trend doss vrow. .

This trend iu one of two distinet and possille alternates that might e

depending upon the considerations 1istoed bolow,
8. Yor hacdling cracking sharge stock ordines) Ly svalladvle in kg owan

guantity ai urude cil, the stosel requirerent iz greater iy an ontivum oo astilop
ot catalytic and thermnd cracking fseilitice than it i for thamal erscis: .
tacilities zioms,

b, Compared to Lhermel crack the optinun comvination of caie

and therzal cracking pivos highor sntikuock rating and beiter guality fm o

averags pasoiine. By typical processine of a tyesleal arude the o timuan Cea i
(2 s %] h

Bneion alvos produces more total gasoline as peresntage of the erude. Few i

USSR processing this potertial inereass is cstimated Lo be about 6.8 percent by
weight, ov about §.2 percent by volunme.

2o I reasomebly pood provpects exint for imeressiong erule preduc s oo

by naekirs uss of more steel, however, aad it the supply of steel is. limite. in

& given arna of speration, the meximum yields of pascline

ad avher light i s.
tillates usually result by aprlying the ateel to inereste srude production cag
acn-catalytic refining capacity in balance., By the elteruate use of the ateial

Por a Iesser incroesse in crude production with new cotalytic sl thermes @ ineking

faciritios installed %o procoss the inereasz, the toral imersese in gasclioe o ld

- 22-




iz gonorsliy less althouyl e ZH50 .

perconte;s of the crude

g2

Stce. wnd yiold correg

vrodably apply in the USSR,

Whlle meny intelligencs ronorés show cvidencs of Seriet intecess aa ol

end other types af catelytic conv.raion, avaiie®io dits on Soviet. HOT

gasoline specifications dd not necesaserily indicete aniicination of bettar auality

dug to gipanded catelylic erasking, Controdtctions thas rosuit with ros

To#sible pluas, and the present analysis i3 ouwe phage of @ general & tudy <7 the

°
aroblen,

A varisty of correlations enter ints tha conclussens were davelnped .

15 rlace! uran cetelytic refining potentia.n, und amury ihe basic considersiion:

We moe® immwtent vertein to the Lollawlvr data,

2. Availuble invellinence with respect to cutnlytioc convercion ficiss

eliley esist:

or very wrobably in irmedinto prospect, in the USSR, Fani:

of this zort includs crueclking, reforming, ¢nd ga3 reversion unius.

. & condensed review of modern eutalytic processae £0 as to solot the

5 probabiy tho most advantagecus for Seviet rurpeses.  From tho posliut o

-

stondprint, Lhe saleated types must come viithiz the exparant oviet capabd. e

for congtructicn and operetion,
2, Systems of generalized yield fucturs in all »f the rofinery oy

PR PSSR

aasumed for the Soviets, Thesd are factors referrod %o the avorage Sovist o

stocks ne 2 Coavailabae ool

-23--.

EGR-fr—




d.  Rvaitaciiity of ¢rudo 2ilse

refiniag, Az indicatsd by wanl sis of

“viragenty, it anpears 4 the Soveets primeriiy nosd the un

lerge gas oil conten

s

v deviwmd frooen .

TUD RV uage 8

cil. iy base stock ic practically esgsentinl for bulk in hip

Minpds in madsrn nractics, Th iz <adicezed that the Rowiety have prime:
1A x

s catnlytle oroudsses becauze of the rotertsal yields of catelytis bece

suitable for sush blendg.
£, Tumisting aud potentisl erude distillntion feeitsties., The -l - %k

10 yrovare the vir-in g

waudd e roquired for tne PQrescbicastior of or

g T

L far cnarne oo slalyine oracking on tho ops nand  ond tho stealphd

wvisticn gusoilng blends on the other,
g~ Edisting and potentiol thermal coaviiing feesit:

rendize proaci.oeable bonefibts from cetalytic crackinge, ¢

sired to further procesn: the velractory catalytic spg cil

the iiquid residue

he Idealized refining balances for the procsssiang of Sorict crude

productiov., Loviet requirements in this respest relats te a minmumum yicidg =f

residue fuul 0ils sc as to obtain neximum yiolde of grsoliver ead other «in s

L TOROLYRN unor. metinuan vields of

hoochane avis

3%

sasoline biend glacke,
-2h -
.




i. Optimum sites for cetulytic convaesios plants, Site selecthicay

result frow a sorrolation o chargs and siens steek eve

fabliitian, o xisting

rofining favilities, and distribution ncoatsy:

Do Boviet 012 Stoel: Aveilubiis Yy arcl ¥

Tz2ble Y. hppendin !, ghows basie data o3 eatly releved to the catalyiio

process potentiols. These data include sotinmitos (195C) af u. 2rude procuct ;.

b ostemight sun Lagoiine aveilsbility, sad o, charge wapacition in the

stelybic refining facilitiom, in these data wan crude osrodue fong

and charge sapacities are basod urem fwne papers lncluded in thisg report on

) ) ‘
Patroloum in the Soviet Blot, entitled Troduciion snd Ex loration of: Petrolet:

1w the USSR. ard Refining af Potroleum ¥n the USSR, The straight run gasoline

aveilatilitios rosolve es brosd Zeneralizations hased upsn available anslytics)

date for Soviot srude oiis, y’ _2/_5.5/ ‘_lf =

el o P
8 af¥

Racigting neumcatalytic rofining Tecilitic: sre shown o be corcentratod
thirty-one particular city arcas fogether with thres areas of more goneral axvent
witn the avujlshio intellirence wonsidersd to by inadequate for flrg . dosignat:on

of particuinr sites in the tatter arees. 'Thc indirated fseilitios are usualiy

wtod £ potential gervice to major oil peosductive arcac, _Mejor emeepticas

are ovident; howevor, and most of these nre coverad by “he Pootnotes to Table

IF only tie DoP polymerization and bydroganation inatallati ox.x's,,'_‘f;hd_ JAn e i dion

tha

papar oriiy

wwov md Orsk Foudry and alkylation systams, all gwmerized in ¢
Refining of Petrolowm in the USSR, are mssuned to comprise tho eatalytis

COMeP LS LK

focilitios Coeriting in 1980, the tetal cotalyile conversion cuprolty was in gt

- the USSR:

- 25 .
T¥ Footnote references in crabic - ,
mmerals ov6 to sources listed in
the ‘nneyx.




Egiimnted USSR Cobelyiie Frosess Cunacily

Cracling case charge to Hovdry systems (Guwav, (wok) . AN
Alkylsts preduct from alkylation units (Gurev, Crsk) N9 TR,
Isc~octane product from UOP installed waits {Greuny, .
Saratov, Ufa) '
Total Capacity® : 9l 268

“Fhese values conform to the couventions adopted in most englusering ropurhs .
For the furdamentsl units in natural petrolevm procesping, the sepscity rei: sg

sre conventlonelly reported as follows: for the erude distillation, ordinery cru k.

©

Vily

and ordinery reforming unils, the rating is in terms of charge; for the reversdon =1 .

supplementery process units, tvh.e rating ie In terms of reacted f»rodw:'t,

The resulting 1950 USSR dets oompare"xdth the correcponding US values ca
ghovn belovyi. Processing cz;paoities end cruds praduction may be p:g*gs}g@ﬁd te te
In suvatelned tolance in the US, and the deficiency of r:atalyt..*_.c con‘.rfe%lsion .r:;:r;a_'cﬁ Y

is wlearly indicated im the USSR.

(29

& ISR
1950 sruda productions (thousauds of metric tons) 20,248 A7, AN
1950 canusl capecity ratioas - 1,000 1,000
" Credo aroduction capsclty - 392 189
Crude Jdistillations capaéi‘b,y . _ 0.395 AD]
Thermal conversion capacity 0.336 .S
Catalytle cornversion c;lpacity SR ¢ 3% J B v I X7
Total conversion cem city
In refinery operations vesulting in » chmieai chémge or c_h;nj n#ers:lon

in the wolesular sturctures of the pesraleum hydrosstbon compoiiﬁéi?a’;'

wbjsctivea pertnin to the stocks producud in the ,galsojl.insa boiling “rﬁ 06 .

ey
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conversion Lrocasses arc norinuliy api-lied to inereuse the quantity of the rasniiae

froction, or othervise to immrove gasoling quality charactoriviics such as s

octane (ioe., antiknock) rating. fThese comversion wracontos ure dl::'ailer1:.
the ordinary distillation end extraction o-oravions which ceuse 1o chenisnl e .
The latter Larely serve to fracticnnte, op senarato, the liyorscarbom Com e

accord ' ng to cnsuified renges in rhysisal and/ o shomiccl vroperties, In tho o
corrron practico;; these spocitied ranges are dsiined by niniras shd weximze ey e Ay
points. Yrue conversiocn is further distinguisiied Crom the siugle chomical € ntiay

techiniques, directly aoplied for romeval or rodificatlon of inpurities {typic

sulfur-derivative and gun-forning Impuritios),

Conversion rocctions nay toke place chiefly because of % erral or higk terms
erature efiexts, or they may be vromotaed by the controliing infiuence of cota: Suhs,

Thernal effezts are in renerel sunplemantary where ca wiyests nre pre)dominant;, an
- -

extraneous catalysis due 'to container materials is on the other hoand As_e].dmn absont
in typieal thorrmel conversions, Ce.to.lyt‘::ic convorsion i, howover, more selocthive
and generally much more effactive when apnliceble Tor specifiad results. As
comparsd to the wide and sxtensive ap:lilcation of shermel aZd subse weﬁtiy catulytio
conversion rofining in the US, Russia was late in sdanting the 'l.;a(:!':ni'quesE CIn

rogard to caualytic instellations, the Soviets anpear to s currently restricied

to capacities relatively minor, all constructod during the past doesde or g0, Tt

.

is probable :hat the Soviets are endeavor‘ng to expand tho lattor cnpb.citias,\

L

R
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I3 is probable that these effcris oo having, c:d =il have, realistoe vows iy

It 18 here convordent +o elassify hydrocaries tonverpion rene iy
in three prineipal types, -Thess t.;uw Wpe yertlons ase genorallr sun..
current in sny speeific cenveraion Fxocoss, with one o another of
types predominating, True erankring is the typr dnvolving ryrolrtic.
elecular decompoglition of howviow and Ydgher dmiling Ew&rwmtx»nzs,
produsing lighter and lowuss boiling pdvocarbon:, Sracking :'Ls‘ In thie
sense distinet from truo reformdng, o st;f:ond pranelonl type uf LUV Loy |

ranotlon and ons festured olesn ar rearrorsamests in the hydoos o
i & '’

withont essential or major shif't in hoiling peint mngé_., The ehtef Lore.
fit of reforming ir in qmlity improvenment, esepesizlily dn the octans b RT
of gacoline stoeks, It ia noted thoi ndid rnersdes of Mydeegoantion o
deiydrogenation may be @onsgiderad to result in a wa vloty of ;ﬁﬂ::-:mﬁ T
vhursas destruetive hydrogenntion, t¢hiefly appl-:‘n.f:,f Lo ter and venddusy,
stnke, results in a variety of Sruesing, The sides principal typs n?
corversion reaction is ra\ra\-éimg conalating o “he m]ecuhr canbrira i
of Ughter and lowes boiling hydracazions » Peduely; heavier epnd ig g
boilinr hydrocavbons, Ths 2ast typs -;»3:‘ procesy raverser the yeowly ¢

eracking, and 1t 15 & mocops of gas roverslon In koot coanerelal

eppllestions since the gasewun state ta wsually “omnil Yor onn vz mere of 4f

reasting hydvosazbons,

Dyisting Soviet thermal eonverglon fae ltley apsonr to be mopt: 3

for cracking, and the installetions of ihis sori appeor W be relatively

extonpive, The Sovist themmal ereslking apparatus oozstitutes ane £y1%
- 287 <
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of equipment for the essential q:é pedsary 4ypa of conversions czwcing BOVRS
to inoresse the ylelds of gasolinm and other light distiilates oWble e
natural petrolown. Catalytic and thc.rmal wracking have, however, becamo supple-
mentary processes in modern refining technology, togother augﬁem;.ng 'l;he’ total
light distillete ylelds as compared to ths use of either form of oracking slone,
Catalybically cracked gasolins base stocks have bagous prmﬁicaliy.:,ossantial in
m&m high=occtans avgas bl.éndn. In »the aviation _Anquate produced by the usun!
alkylation types of gas reversion, ancthor importent stock is. obbtained for such

blends,

5. Swrvey of Catalytis Cracilng Teshrdquos for Soviet Use.
It is assumed ‘b!m*- the Sovier?.; have contimed and will éontirms with a
yrogram of completing and constructing Houdry Catalytic systems, The basic prem.ss
is that the Sovlebls have capabilities for marmfacture of the Houdzy Aprocana enud;s-

ment, and for installation and operation of $t, Useful pattem_ax_:i.stfin the coi~

prehensive process and engineering dosi(;ns fnmi}ahed‘to tho 1ot
lendelease refineries, with equipment for .‘two‘.of the latteriﬂnnbs, .ab Curev and
Orsk, completely mupplied erd in a large part installed under ﬁS?E.Ié_\zﬁerviﬂi.o:xo

While there is no firm data on Soviet programs for the construction lcﬁ catalytie

refining units, active Soviet interest in these refinming proces

imiicatod and s further evident in _mmeroﬁa reparta of Suvieb
Tntensified Soviei_ intevest in the ta@ms 19 logieal, éﬁd it 13 reasonable to
agsume that tﬁe Soviets have b;aen (and possibly still are) sngazedj_n completing Lhe
lend=lense Houdry Catalytie Cracld.ng plants, | | .

L
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The Gurev and Orsk Houdry plunts are hero asstusd to have boez plarad

on stream and to have been im full operatium durdng ail of 1850, Prior %o temu
netion of the Soviet lend«lense arvangsment: il 1946, ‘.shc‘ Kuibyshev exd Renraovoig
Houdry plents were camplstely designed, erd Houdry equipmont waa in part supplisd
for the Xuibysheov project, In the US during wartime sa estimate of 80 monihe was
applied for the completion time of a catalytic craucidivg pient, but it is probatle
that sowe additional time would be required by the Sovietn, It in. pro;mb i, hawevr,
that the Soviets will have had time to fe.br:l.;:n‘ha equipanent and ingtell th: Tudhyslose
and Krasnovodak Houdry plants at least by the end of 39562, Th;a l{r'm@wodsl»" plant
was not as far advancsd as the Kuibyshevw plont in 1946, but si.ncé the Erasnsvodul
construction would be in a milder olimate compared to the somowhat severe wezther
condi tionsg ofton prevailing at Kulbyshev, ard would be furthormore just asross tho
Cagpian Sea from the important ol) regioz at Baku, it iz probable that heigb pridrl by
has also bsun given to this Krasnovedsk project. |

‘the Badger lend-lcase reﬁnery. doaigne wers hoged up(in tochnical charmcton
istics of typicai USSR oil stocks, For tﬁo chargs snd produot stocks the raterial
and volumstric date were mostly caloulated ms powmds per hour (#/hr) tnd burrels
per stream day, These data a;éplied various service (3.6., opet-atiouv timn ) Pactars
for the different un,i'bs on stream, _§/ In the dlegrems of Appendixz D, the Nadger
deta sre completely recact into t-vquivﬂ.e_nt values for the present intelligvace
study, in torms of metric toms por year and barrels per celendar day (BPCD},
Tables 2 to 8, Appendix &, show projeoted percenuxén production upén basis of

complete rscovery of the (:‘ﬁ f stock (ia0e, 4wcorbonentom andheavier hydrocusdums o
.._" 30 -




Tables 7 snd 8, Appendix B, show projected yields as perosnteges on charge,
considering the stabilizetion and frastisasticn oftioionoies in the gas roeovery
systens. Tables 9 gnd 10, Appendix B",, rasolve thé Badgoer desig@_ date for hypes |
thetical standard aynté‘na of the Houdry and alkylation types, operating moca
whot appear to be Soviet charge stocks with sYorage cha:-m:teristics,... )

Avornge Soviot gtook charmsteristios are derived for the purposs of'

&




the present study by averall sorreoiiion off b veshoasad rba esoiod

ir pamerous invellicente reporis; bow wlaesiyicd Lz naslapeiiisd,

bhe individueld eeports, the asaylabn divee an Heei-t ol chayvastosd s loy

ere mostly fragmentury, DBy terbminsc. aralysis of o conpilation o o«

ovuiloble: dota in totud. huwever, recaornbly oopsishent Soviet oi% o
ere rovenled as typical, Certodn intellirence reprvis aontedn Lhe

terhnieal date 1o some detsdl, with varloue Gugiacs of ecmplet

3
«

" 5 " o § € e oy s
covering the different Soviet cils, 37 207 37 47 W
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Six ¥ypes of vatalytie eracking protesses ore IMpertant sormer:;

Thuse are available to ths Seviets, and they keoy wropristary mames o

follows: Houdry, Pluid, Thermofor, Cyeloversion, loudriflew, and

Susperseld, The six prosesses all vtilize hydrous alumimmm ailicate siay
tyres of cotalysts, either natural or synthstis,
'
hn estimete of petentinls Tar Covlet use depends vpen a4 oxledvel
geveral review of the essentinl tochnelogy, Tuae Sewlots weuld probet iy
conpore sallent features of the pix proceases, ia cubline as folloue.,

In the Sirst four of the eatalytle arackinge procesces or sysatens

alxve (isted {Houdey, Fluld, Thermofor, and Cycleversion} the totale

of liquid yleld vasy but little when derived by o given oveﬁil’ CaLse.
version of o suitatis hydrocerbon e:hcu:gje0 The rospective y:lelda of

different products then vary within rothor ssrrow limits soapto e

'

generally eompensating, even though the J.:Imiﬁed voriations my repres: nd

lores witimate quantdty differences whils quality wriations my be

32w
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likevise important i‘:»::t:rr-5 to wmsider, Densily mmd quality off sutishie
fecd has Wt le effect upon the yleias in thes: four systens, The
liphter and loyer bolling sharges s tend to pive, aowever, a shighiin
hagher vield of gesoline, with the gasoline mor- eremitic, siigh‘hi‘gr
highex in setune rating, and sliphtiy lever 1u tonling po;lnt range,.

Vhile a physizal preperty fimetion called the oyacterizetion iazics

3

may zerve a8 Ln indes. te the cmﬁm:*i‘..,‘ibi:tiiy of .Z:z;n!':*oam'b::.n ‘fe&ﬂ By,
titds factor 1s not in Atself simsitive with reosess to f‘eea’la' otk e
sultable for tha o cakalytiy craoking proceu.—.ae:;p
ALl six catalytic eracldng prvcsgses are efffective upc‘fn aliphotic
(upenachain; or acyclic) hydrocarbevs, but the usuol higha-t;:lliug chayye
to ther is conplex and  of mixed bess, The prostsces typd.cal.ly yieli
eotalytic gmoolines high ‘in tﬁq axoratds typs of ryelie (16,5 sarbacpadis]
. | - .
hydresarbons, Compared to thenwlly cenverted pouoline produets; th:ss
eetalyiie rasolines have highew o«_:'iznme rating znd ave more susm-p&i,hi@;
%0 ths knook inbiblting effects of TEL, Ths “cot® waskers all waiss
scne reductior In sulfurs they thnws oliminate 7.1e>ma: o ‘he 'k.npekmprccezw,‘gn;.-;:,.,
TEL suscoptibility.reducing, ornd often correaive eifosts of sulfue
dgr.fivatives in the stocks, ALY six e:a.taiy‘cic ne:mck&ng progegses 1i lc-?;-.
vise :ramlt' in carbon reductior and usua.lly mt‘dewdrogmﬁoh, witn
car'bu...u deposited as coks upon the ca“c.zlllyst.,' Dus to emqssﬁxe depesition
of sarbon upsn t;w catalyst; the aix pmcesa'eﬁ ore not gene’mll‘y appfﬁiﬁ; |

¢able to the heavy oil residues whivh contain cuphelt or tar‘ccmpnnax;tm
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Charge stooks are usually virgin gas oils boiling below 750 °F,
22 AT (7,68 #/gal) to 35 AP (7,08 #/gal) in density. s.; compared
to the fixed-bed catalyst processes such @s the Houdry, the ciroulating
bed catalyst processes such as the Thewwfoa'.wln, nmfcm, e;;owmdate
hs.ghea carhbon deposiﬁion due t; hesavier gas -o:u. charge, orf _m.m &
gi;mn charge, due %o a higher degree of conversion, Among the sii
techni.ques, the ToCoCa éThem.ofor Cabalytde Cracking) process is the
only one that will actually handle residua charge withoub prohibitive
loss of efficiency,

The aix proceasagonmﬁem catalyiic ges oll residues boilﬁxg |
abova the gasoline frastions, Thic gés oil residus is aboﬁt equivalent

to the gas oll charge in density., The percentage ccnversimintbe attendant |

procens is conver&.ionaljy given as 100 mimus the volume pemenbot the reeidue

or recycle gas oll, referred 'to tha charge, Tt iz nqted that_’iri,c,mparisou
various types of

40 virgin or straighterun stockg, thefconverted (uao, cmked o:t' refomad)

gas oil and residus fractions are generally more rafmtmry. 'J.‘ho? :'1a‘r.tw tond

1o be nors resistant to further orm&d.np, and they result in more cme

deposd tion upon being catalyticslly oracled, Bscause of this .itjczfeasaé coke

deposit, recytle or comnversion stocks of these types are noﬁ-iii_s’ual;lyichm'ged

as fresh fead to the catalybtic craclcing proceaseaa The catal:rtic prooesaen

aithough by no means always
are for the sane reason typicauy/operaﬁed with the fresh feed - nent ongess

through withou’ recycling of *bhe regidue catalytic gas oﬂ.o ks i'.ha recvele ratio is
high enough the net yield of cataljtz.r. zas oil nay be negligible Jn CavA YOLe CrEntEDy,
Althougn the reciycling 31
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to alternating sequences of the reaction, purge, and regeneration
cycles amoug the cﬁaea, quudz& cracking is depenc_iant upon somplete
vaporization of case charge and case produgtao
The Fluid, Tl;ermoror, and Houdriflow provesses provide for a;
degres of simplicity with true eoﬁtbmcua operation, inagmwh as the
catalyst beds circulate in g cycls through the sone of oz‘;\ck:!.ng reantion,
and then the zonse of regeneration where the carbon residue is burr;od
off fram the cstalyst, In the Fluid aystem inlet'charge.oil';v_gpaw
Bweeps powdered catalyst 1nto the rem.atioh sone, and regenwatign ajz
sweepa the apent ocatalyst into the ragenevation zone, In tha T,C.C,
gystem, mechanical elsvators circulate the catalyst, In the aoudzdﬂ.oir
system, a technique of recent origin, and appsrently a systen incorporating
features of Loth the Hoﬁdry and Fluld procssses, regenarator owtlet £lue
888 15 used for lifting the catalyst, o
The cirulating catalyst cracking processes tre in gensral simpler

in both equipment and operation, compared to the intricate Houdry process,

h ylelds of
The Fluid and T,C.Co processes wers World War YT devalopme:r%tsy%or/highw
agolines
ootane © These latter two proceeses have 'affmtiwly

supplanted the Houdry in the curreat US installation activitiaa.. Tha

Fluld process preceded the ToCoCo in date of origiral develoiment, and the
former is probably the catalytic cracking techn-ique rost Vid?ely'.?’applied in
non~Comnunist countries today, in refineries under copstructioi;/-‘:!:g. well ap
in existing plants, It is noted that 211 eix comercial catalytio cracking
Processes are effective in certain Areapeéta for the catalytic reforming »f o

- 36« R R
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gasoline or heavy naphtha feed, pmmularly to cauae deau]i'urizaf.ion, iromerdeo
zation, and dehydrogenation with octane number incrsasa, Howevm", the sillica=
aluina catalyst probably has limited effest in the zctual uyﬁliga‘bion of indtial
charge sbock acyclics, For practible production of inoderm high-cctane avga: base

by the Houdry process; a saconci stage may be nseded as shown in the Badger design
data for Soviet Houdry systems, The socond Houdry stage sexves for gata:l;ﬁai,o
reforming, charging catalytis cracked gaeo:ine; produced in thefirsb stege. Simdlav

two stage operation may likewdse be desirable for correspoﬁding_ :mg'ultts by the T.sTe /

and fluid processss.

" (Onse=through processing’ u:lthont regyole
15 Involved in the separate stages just discussed, )

Early in 1951 in the US at least fifty-scven separate FluidCateJytw Craclk:

ing systems wers in existenca. Corresponding pumbers udm 20 £mrt«hs TAhoCoy Tivn
for the Houdriflow, 17 for the Houdry, and one for the Cycloversion systens, it

leagt ono Suspensoid plant is curremtly in opevation Jn Canada, AFln:Ld plant of

large oapacity has besn installed at the Abadan rafinery in-n'ghé ;-_i.n.‘tho_r-ﬂ.m:

East, In Western Europe with US assistance, several Flxid and a ;.gaaar mrher of

Z0Cclo plants have been lnstalled, or are being 1nsta11ad° Of.' L8y cetalyiic

I

cracking processea, the leaﬁdng Fluid techniquo appears to be mogt sultablo

for Sovish purposes, Fm'th&rmore, 1t is apparexﬂz that the Soviat toghulend dntolis.
gence agents cuuld have almost as ready access im covart :faah:l.on-fbo, the Muid-
process designs and playt patterns in noneCommunist areas, as thay"aci;wﬂ.l;r have

in overt fashion to the Houdz'y process data and plants in the USSR,
o 37 - .
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Wnile thq Finid and T.CoC, processes are rot in ayy wltimate songe aliple in
eithar equipment or operation, it is believed that if the Soviet's have actuslir
be:iwe suscessful in ;iuplicating the camplex Houdry pMs they could 1ilewion
baoous capsble of MJGO'king and comrbrucﬁng somouhat simpler bub wore effective
hnbe Zor the Fluld process. I 18 not 1mprobab1e that ths Somts hawve 2 pru=
gran forr construction of Fiuid cr very m:lzzxilar plsnts, and thats» this wiil toebe )
place of Howdry constructicn programs wpon cozplebion of tl‘ze' n'om projecis
supposadly now in progress, Although the T,C.Co process featt;rea a relatively
slow mowving bed of pelletised catalya’ physically aimllar to the Houdry catulyss
already in uge in the USSH; and further produces results competibls with Shose
obtained by the Fiudd proceas wuers une» is made of u ﬁore rapidly ﬁxov:mg hed 3L 2 rore

finely divided catalyst, the Fluid iz an earlier and morw extenalvely npplied

&

techrique offaring cartain .hm.danbal ad%mniag?u-;r_w. 1;,:_;11&:{;::&&:9 MOBo:s zyewiins wroacloetic
Tables 11 aud 12, Appendix B, show ﬁypiqsi.' US technical literature dava Ln

Fluid eracking, By corre:wbipm o.f' theae with Houdry yieldg :mthe Us ani tha S8t

(cfo Table 9 the Flu:ld cmking yields of Tabls 13, Appendﬂx s, m derdved Zoz

ran averaga Soviet gas 011,, . |
Compared to the Houdry process the Fludd offers econow S.nlplazzt sonstruction .

and plant operation alike, The econamy irwvolves redused requ:l.rmutn of intrionio

eqtdpmerxt, eritical raw mtezd.als, ntility comcditiea, and tatal labor, The Fluwid
Procoss further glves definite relative yiold benefits, The tech’raque hati talcen She

lsad in non~Communist countries becsuse of the various advanteges, The Flwid
« 38 -
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process is here assumed to bs the Soviet selection even though tie T.0.C.
teohnique would c?.use no e_ssentia.l dﬁ'rerancé 5.:1 »egults and might provide
‘& &..ouhot simplar trensition for the Soviets, starting with the Howdry,
At the same percent§ge conversions with similay cim‘ge stocks in
onge-through qpa'aﬁibns, ths Houdry and Fludd systems give tbout i;helmxma‘
yields in aviation base‘ @wm and in the total Cl= nqml.d. recoveriss,

But where the lloudry system produces: sume refractory fuel o

L2
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@il {polymer rms oill), the-fluid plants yisid no residoal} not suwitabls
for therml erocking. Fluid wmite further a'bwin *the riven peruseniope
conversion with a lessor y?icld of C, gas (3.5, ; a:ucylatic;n :t‘:hargo sioakd,
and with 2 larper yicld of hizh-cetane motor naphtiu (:L,a; s mobor: fasoline
In the peneralized case it 1s olso procticable frem tho $ﬁa{ndpoi;af;. of
rechanleal efficiency 1nvolvipg carbon deposit,; for a nm;\mt‘ wilghay
percentage convergion to be obtained with the Fluid pméess in comparison
to the loudry (ef. Tables 9 and 13), Sinee higher conversion does nod
usuelly tolie 2l) adventape of the foet that the Fluid unitg ore capabls
of being operated with more carbon deposit upr;n thc-“ co:halyﬁ, the Ftuid
process charpe con be a lorpey portion of o given ervds in eommardson in
vthe optirmn Ioudry chorge, Tharefors fren a [r‘iven volvime_ Qf crude oll,

the Muid and Toudry units are eapable of ultimate yielﬁa, £ about the

sane qmntiﬁics of allylation charge éto_ck as well oo ofrccyclc ros oil
: T

for therml cracking, This is cbnsidcrin{: the opcmtidné t0 te cncow

nlus retreating {i.e., second stave catu‘.i.yi-i.c retorming) as re-uired
throw 1,/ vith the quontity of virgin gas oil charge ond net: perceutage

comversion/mighos 1h the Flwld plasts, Further in cmparlsmto Houdey

syatens up;n this bais, tﬁe Fluid units produce mmueh larcer sepsrats

quantities of aviction pasoline bage, motor naplitha, and Lsopentane,
Table 14, Appenc;ix B,ﬁbtﬂa.tes gcnerai ccmpzrisoﬁs' ba’i‘.men Teudry

ond Fluid oporations in terms of mmorieal results whem the procasaog

are applicd to Soviet oil stooks, e

« Lo ="




6, Survey of Gag Reversion Tsrbnigquos for Soviet Uss,

In formlating an sstimte of gas reversion potentials for Scwist
use, it is nevessary to consider purely techaslogical correlatinnz in
somewhat more detail tl}ah 1s the cese with cmﬁld.rig, Gaa.#'eversic.n is
represented in modern refining processes of prime Vimporté:nc.le, serving
for increase in the relative yields of ‘gaaolm& stocks with special
reference to high quality ecomponents, The feaaibility oand app}iaa bility
of gas reversion depends in & largs part uéon various beehﬁcal tactors,
kowever, and among these the following ;ray bs said to be basic for the
Fresent purpose: volatility or vapor pressure vniues in fha’ liquid phaseg

availability of particular types of hydrocarbens in gases; isomexium ami

ungaiuration in the molecular strustures of the gageous eonibdnenta and
thelr reverslon products; octane ratings of the gaseous components and

their reversion products, .

In orecking and reforming the conversion reactimbyivs'i& relavively

large volw_aes of exceas gqaeéus hydrocaiqu; JIn thé b:n:d
of the mfim reject gas is cénstituted by cracked and reformed fBaes,
High elefin contents feature the latter gages. espgeially when .,'tha smasn
are of catalytic origin, The Seviets would prea:mwbly czorgﬂi.der racalytls
g1a reveraion processes for recovery of the rejuet gaawﬁ{gf@k in more
wretl (1.6., liquid) form :bn the ‘gaeohne plenﬁ;g aix;::a f;;htf&;' axe
the lightest end most voletils (i.e,, lowest boiling) of ﬂ!? @ncs;x&‘l

Liquid products rosovered in petroloum reﬂning, In the usua..l 1:!%1 caus

bofore gas mmion, Mrowbou in tha refinau-y rc;]ecvt gas consist of

L3-tarbon-atem hydroearbons) '

all c3Annd ligntar stocks pmduccd, plus tha pro:hwt:ma nt /4 lwdmeax-bons
“ll - )

O




JITRY

e e e e

excoeding the quuntities reiainable in Pinished raseline tlenvs, o .9 o
Plus the offective twtal produetion of G, hydrocarboms if priesity s ¢
be plven to subseguent ga;s reversiong lmfore‘nm:mm mtention in gageiln
blonds is mde of the C;, components not reacted in the go.s r\f:ve;~s:iono

In general refinery operations t:he four-tarbon mrc‘lxpc.urbrm (2,00, T4
stotks ai-a. the heaviest ond least 'voiatile (1.2., highest boiling; of -as
cvmponents normally rejected ‘in not pas if the refining is efficicrt.

In acturl casos the C; and lighter hydrocarbon gases are esgenticlly
compeoed of the s:.'nplnst {end lowost) n;emberu of th‘e uimplést hmwlné,buu
verizs, narely, the aliphatie poraffins and olefins,respeotively the
al]gnc—s (saturates) and the 2lkenss (single doubléwbond WBALUTETES e
The l;aucst yaraffins alss eonstitute the bulk of most ca;m-mh retural pou
ctosks,

.

Sirple poraffin and olefin rases thercfors mredoninate in the availetis
£2s roversion renctants exeept uhezﬂ"a' special hydrncarb@_s;(usvzmny apore.tise}
cre invelved for speecial products (usw.ily nﬁw_armmti; l;&;:l;:};arbcns)., In
typieal balonced refining oporations the gasolinweontain all Tyl o Cs
aind haavier stocks, ap to and including the heaviest o higheut 'boll‘ing
hydrocarbons in the r.:aaoliné boi;inn point ronge, "n' ‘th;j‘n them::irmm
vslahility (1.c., vapor prossure) limits normally speeified, the .our'dinn.'ry
{asolines c¢an also retain m.'liquid solutic;:n & portion but commonly not; ali
of tho Gy stock typleelly produced, If the vom:_mty stabllization of ths
gasoldnes is ideal, maxiam relative ngmd yiold 1s obﬁo.imd:by oslestire

- k2 -




- reteneion of the least u"mu.le, Treetion of whe Uy stock avealabie, Derzed
f1,0., the simplest of the C; pereffins v
butune.1s the least velaiile of tho Cz paraffins coa olef;m, ame ia i gm
refinery balance '\»d.t.h idenl pasolins stablilizatiem, the actunl rotiasy
productior of thu nbuitarne my or my. not be Jjn extess of the alicwablc
£ina} retention in ,asolines,
In 2 piven and efficient refinevy bulunce, ;xzr'?;-'mularly: 11 SO w1 1y
era applied to react at Yanst all ceailavis tutanes, bt also cocling o
obautone and possibly scme ntutane if thore ave plkylnilgn typas of ms
revarsion, thore is of'ten aa;_act@l insuffisiency of the R:t‘inew:-,r Co hydin-
carbong then remaining for maximuk vgtpc-'r pressures, aud cneréfqrea L
yields, in the finished ppseline blends, If sveh & deficiensy doea vesuit,
practical benefits are eormonly derived oy importing €4 or other welntils
stocks, with sommon nstural pas liquids incluuivg the usual ratural pase.-
1ines as examples, to be used f‘or‘ the finishing of rasoline blemds, Oi,
amall cuantitios of propane may be uwsed in these mw}.ines; if the rexima
tapoy préssures do ozt result from che other sfea!:s eoreniently availabis,

Propane has o elear octans muster of abcut 105, but in the 2dquid otate ot

100 ©F, ite vapoer pressure is otout 186 poia.

The important gos reversicn pracesses consist of n]ky;h on ani Pely.

merizstion, In commereial applications of thesc teehn:lqusa_,‘_'*the rmtioms
depend upen treaking the multiple- bonds between surbon ntgm# &‘.\maaturatfad
aliphstics. The masgturntes-ars nearly alvays slefing in E}i;zctic.»cec.
Alxyletion is the union of an olsfin with ei;r.her a znmffin’ or an arembtic,
Typical commercial alkylation sombines a volatile or gas.aoua olefin (sexmon: ;s
C;) with a similarly gascous pixrg;f’:w {ecomronly (_24), m'oduoing Liquid eXyle to




or pascline stoek, theoretically poroffinze ond umunily bLiph i

Wi berauge of lwoperisn in Chesc wreltinie prodets (comern.y o,

ortarss in fact), O, the ganseous clefin o sonbined with ber oo FTCRRTIo L T

sepdieations, yielding 2 low freexing peint, tlpn-sobar spemst):

ane gmecdinn Biding renge,  Typretl eomnoretsl polomerizaticn oo pes oo

P el

vronere molewuies of pasaous olefing o PECAULEE A cleriald poly v aolise
Wit wactaracely higt oetane roving,
. R »
o Toessis alvesdy bRTe 20bY orive Lypea of o HyRefion oot omoirmees
tesiron plas's, Simllar acdd catdlyst allyluiicn unive will provatiy be
Primary in Soview refiaery constrachinn meprang, 1n corvslaxion vritn

catalstic émch‘i‘n;: sysicrs,  The principed appTissiion of this Sntalvtisn

<Herletion is Yor the union of isoiuiane o ih butenes, yroducioy iigh =

volune alkylates, In a prorvar 1o inerewse the yiulde of avezs +od iher
€

conclines, it weuld Lo logisal for the fovians te issociste alky:

Fhidd ercering simiiariy sa with the vdry sysrems,
In the nswnl petreleum pregeasing Belance o obialn maxeimum yields of

high cetone misodines including avpan, thy eptinunm &Qiu%ion» slrylate is

the stock chiefly preduced by ihe chemical union between

lscmerie fourearbon olefin) and i‘.;aobu*tam (the biwzuc'ric:-l.f"
raraffin}, ~ typieal pas reversion pméeés thus ocours Ji“bh he components
nertally pasgouz;o The resulting §ML;'tee in this cage are ;qﬁj.du con»"

taining ve te 90 volwie persent of cetanes (éight_fmrﬁof; reﬁf&s) Inelud.

-
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ing 2,2, 4mtrinethylpentane, The latier is the réi‘or(ance iséodftantv vith
100 oc'h;me mutber; and 1t is one of the 'th;mm;’ fuvenerie oct’m;s_ thesreaeslly
produced by the chemiccl combimation of isobutare with isobutane,

In aetunl ellylation prectivs, however, the cormon charge i;; oot
with al}; varietiss of the butanss {fovracarbon paruffina) and butenes (P
carbon olefins) prosent and rredominating, The norml (straight shosink
tutane is mostly incrt while the chief reactions typdeally yield ise aetam s
according to theory, by the reépective conbinations of iaoﬁxtane m.th :I..w«.»
bu;‘bexm and botir normal butenss {butene.d and tutone«2), The resultin
alkylates are st3ill auffi&icnt i;ér the typical prbcessiné_baf.‘%mee o8 ma-hed._.;
inagmct: ag the olkylateq have high octaﬁe .z'qtmg {the avia‘;’tm uﬂthtea
have octane blend values cxeceeding 100), IHgh.octara liqt’z_id:rect.wewy ia
thus mode of volatile stosks too high in vopor pressure for J.a:ge pervaningi:
inelusions in-grsoline (in the five possible butonos and butenes at J00 "’F,

‘ - ¢

the vapor pressures ranpe fren about 50 preia to about 75 psia)e The masdray
possibla reversion liauid rocorvez:y is also obtained from the é.va?llablt:- reaciin .
rasecus olefiny, (Pareffins are in poneral mch mere wevalen‘b in petroleun
vapors and matural (ms, in' comperison to olefins, Aﬂqrflntiq&i;': ?aactn an
olefin with a poraffin, whereas poJ.MZation usu');n,y roacts :qiéf:l.né anly}.

Comueorelal reversion processcs are both thermal and cataly'bie in oy,
The important comnemial reversion processes nre neé.rly ﬁlways "a_izs reversing
operations in re:éard % at least same of the 1*13;&:’(@nt- hydrncax;bcmsﬂ e

&

R
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alread;-, neved, Catalytic peversicma wpre maeh 1opre irpertent then b - Hiemen?

bypes ln prictice, La s gz,:m;-ra.lly Lrue waers Lhermnl aﬁd CALALEE Y o fe
3iims ars Jorvespondin Pritenses, the thermsl reer»:'-*:vszic\né require bl b
tergencaras and especinily lapguer pressures {therml alk}'lati:m: I oeryried
on an to £,000 palg, gnd “hermil polvaerization is s rried op up to O 000

nsic ), ’ . H

Yhe more cooroa cnd entimue sliylation processes are olmost Iniw -

the sarnlwiis Lypes sing duhparous asid catnlysls, eliher pulivy i (2.0
hyfeasee suitore’ or hydeofluorie {i,e., hydrogen Pluordds), Thess a R
alkyis L, .r:'r:.u::fi.ony are peneraiiy restricted Lo Lhe f‘mzrmaf%m; awed CLeariy
tlavins, wnd v tne isrmecie ruthor thun neemid peroffing, A:fl‘l;;:'emx;t anky.

lation ims more effect upan the 2ightes olefivs (eihene ond brdmm:), wead

Yorms of mrfties. W allyvlation is & more reert
! 3

Will further veast, 9l

&

develement nd has preesd te Be pure =Pfloient as cumpared o the s -
lses e reason e Ui eanrmous reeyole swiie roguired for praf i
reliiiv: to olefars &y the lavter Irocass, vhersts Lthe ¥atio ean be saiige

fagteedly £21d down s« wlue of sin v the former, While an aqueosis
r

solad

i of 1P forns the powertul and drnporous hydrofiucrie oeld cnot 2a

reactlve o siliceous materials such 28 glaos as well us most metals,

:Amﬁd:mﬁ IF is relotively tnert to ordinayy carbon eteel ef.gxxx_fﬁeﬁi: o
3¢, alkylation units were pmpqsed under lend-lense ond wam Pup.

. 1] . N D .
nighed o the USBR as previcusly stated, Intelligens unclyses have sesied

=6 . :

0%

=




that the Coviets have continued o censtruet 254y alkylation wnils eiwiiord
as they hove Houdry systems, There is, on the othex hand, no contm ;«,fl.'iim:--.
reasen to believe that the Scviets have ignored the afficiency benofits ¢ °
the HF process, and hove keen winble to dupiica"te the mmerous IF wiants

Bow yresent in Uestern countriesn, This speculative mtter is, hownar, ¢
sroll overall inportence in the preérmt ctudy. IF and 1@804.0.11::;"?.»—:11: Loy
units give about the some pyteniinls, and comstruetion of %&SO&_ vzt s ray

be assumed (of, Table 10, Appendix B).

Other important cotalytie alkyliztion ptm:;cr:saae; 2ze the teshniquey fo.o
benzene a2lkyletion as rreviously deseribed, These benzens talky."m-bi-ozx
precesses yleld louAfrmzing point aramtic hydrocarbons with extrensiy high
octans yatings, The Friedel.Crofts resetion with elumimm shloride antalyst,
is adopted in one rrocess, sereing for ths allkydotion ofbenzena 1‘.71‘&.‘;! ho
C2 slefin; éthene, Theoretisally thus produced is athyl ‘bemzm, un Loy b
hydroctybor: that my be delhydropsanted to form sf;yrene, _‘b}w‘év:"d-c-mt.ii: R AT
ative hydrocurbon that is one of the tup rca@tsnf.u used in tha symtixais of
Dunc 3 rubber, i setond process uscs phosphurie acld catalys; for e
allzrlation of benzene with the G3 olefin, propens, ' Tae mtteag; Trecent
theoretically yields another aramtic hydrocarton, sunens, Dityl berzenor
result fron the catalytic alkylation cif bengene with W.eé.;_".ﬂu‘tyi 'L-'s;x:ze e
such ag these 2re powerfully effeetive oms high oetone addift'l."ve;s Lor ¢ v,-vs,

The Boviets possibly now apply, ond might well attaeh meh mﬁ_m,_mc.» T

‘117-.'




the eatalytis tenzene allgyiation 3:méesses and even glve peimsy siotu S
then, hile benzens 13 itself the simplest of the arcmatic im:ziﬁmm-z,a
und has moderate veletility and high cetane ratirs, 11:} has 1imited use ‘g
avgas due to its hiph freezing point {41 OF),

Thermol u.lkylatilpn is not. eemparcoble with the catalytic tuckulques
In efficiency, '.-J:ithout equiv:'.len'ﬁ catalytic mcessgg.ﬁw@hble, ther:ml
methods are, however, sometimes applied to allylate isobmne wita ethons
and propene, ’-Jith.mhene, neohexane {2,2.dinethyl mm) 38 one of tuwo
isomerie hexanes (G poraffins) theorotically preduced , itk pwwne,
triptone (2,2,3-tr;.netlw1 batane) is ono of four isemerie heptant s
{C7 porzaffins) theoresiculdly preduced,  The oqurla'uoﬁ ui*th DYODE 15 u
vory diffieult, Nechexune und tyiptane are both offective as hip1 oetone
blending cdditives in aveas, Triptane is t‘ug nore pomri‘ul, raalking with
byl benzensg but due to the inefficiency of the thexml opure.ﬁ ons
‘the Soviets will probably fa*:or'.cam«rtic processes for ﬁoﬂuch.::u of g
octiane avgag additives,

Comnereiol polmﬁenza'bicm involves a process of polymwz-:tizy;x in %h
technicnl chemiczl sense, Thet is to soy, the Yasie chmni(:;;l. rozreior foons

_ olefin polymers by the direct m;lan of tw or rore molecules of lizbtes

olefing, A dimer is the product if tuo l;glrl:er mleculs; ﬁit»f.g a telner
is the produet if three unite, ond so en, ke ;blirmer i3s3 mdwed 42 the
vnited lighter molecules are unlike, and it 1s o éopo.’l‘ymg;j;u the srdted

t

lighter molecules are elike, Thermal polymerization tcnds to produce

dimers uhile the cotalytic operations my,#éct%uce lﬁpherpolmnors irn acdi -
-8 - e |




tiom Yo diners, folymerizatisa of 2 nixed gestous eharpe orodiion Lol
sompamert <letfinie noly pugeline) ponerally wlvh sedimn ruting i ool
a lower level comphred to ths 2ormurcind elkylates descrived sovve. 4
catslytic l’ryd’mﬁe.nntic-n type of reforming 18 wsad for the eomneral:l o
yersion of poiy posoline te 2 payaffinic pascline, with vhe npur. gy nie
constituents (la6,, tydropolysers) fscmeric ond very high in ofion mbhng
i7 the olefinic polymers sre lsumerice

The catalytic polyierization [roéesses sre oire efficiont, ond e
widely appided thon the trerm:l typed. Coomercaal earalytle polvy pusails
techrigues use u@id typee of catulysts, consistim of _ahu.;xpharic’: {ortho.
rwcephoric) snd sulfuric ceids, The ghostheric acdd yrocess normlly yleld
a2 misture of dimers und trimers zltlouwph 1t ray be concrollsd ac Lt dume
n:edc-n\.im‘te., The sulfurie acid process is less ef{Melont und less pemusali:

& .
used, It typieally yields o rdature of higher ;.x:flyﬁ,erﬁ althougk i 3s Zik..
wise subjeet to control for emplwsls upon dimers,

The Doviets are ke o mave cattlytie polyuerization irpvalistiony o
the phosphoric seid type, plus a plunt i‘of- erRaly LA ny;lfofemuim vaing
nickel catulyot, whers the latter is the sonmerciuld. ,pmces‘s”upmmt:us usad
t3 eorvert the polymer preduets to bydrepolymers, ITL 1s reported thav the
Soviet polymerization units are larsely used for the scleetlye procvoiicn off
a codimer fgooctens fro iscbhutsne, subsequently lyd ro;zemtadlt:s vield the
hydreeediner, reference issoctane, .th'm\;ria 2ead cavalysis 1:: Feixly
satisfactory for ﬁﬁt: eodjmer wield; the gu).furic ausid process lag hmﬂm,

> b9 =




CECRES

suppssed to eouse more selective alihouph leps conplete reversion.

Uhile thermal aliylation and pelymerdsetion would mot sesm o o3 ey

desirabls in the Seviut plons bocanss of in@fﬂ&’:i«:-hﬁy of the rn‘o-;:.is.f;.-éiig-
phosphoric cedd catalytic polymerizatien would prubably be dneludet Bz
with secondary rather than peimary priority. Althouch nickel tadolvet
hydrorenntion plonts mirht olso be projested %o yield hlgh octan: Sydva.
pelymers (typleally isovetons hydroeopolymers), using M:ﬁuu.lm ;ﬁm:‘:,luc )
as eharpe mterirl, catalytic allrylation weuld provably be more Ty sred
tto productlon of high-ectann blend stock {l.t., isesctene allylate), The
erincisd use of polymerizatiosn wndts would pmi;ﬁol-y be to preduce oly
posoline for pogpes blands;

7, Suryey of Maferniny: Yechodques for Suviet Usee

‘Iscmamffins gre, renerelly vore reactive -ty ulkylotion thun ar: the mo .al
ferns, eopeeiully vhen tho provess is cowiytic, illylation (1.0, typlecli
therml alkylotion) mvt_.he.:r thon polynerdzution i3, howwer, the axas feoe
direct ges reversion of porpol peraffios, The normel paref€ine corstitute
lorpe por‘tien; of the net nnd £innl refinoxy ;ra.ﬁeso » Thess puseous nMald.
paraffing oxdinardly comsist of the three lsuost hmolagues; 1.0, tae typd 21
dry fael gas corpanents Ci '(rmmne),, Ca (othane), and G3 (mpmw} o
Tabutans (“‘CL) my bo present, but it is not usuelly in rmch exscs a_.

. Significont emcess of n.-04 eos would not bn ea-z.pec'ted in cn et‘ﬁuiem'.‘-; refins <
bulonte,

Commoreial dehydx.-ogemticn typus of therel and entalytie weftring

are aoplicabls. to the norml paraffins abaove Cy .:omrer*bin-g each of theuw
. 50 -
SR EE




into an olefin without chaugé-ﬂx\ 2he formula nmbéx‘f.q bbn atoms. &
comereinl lsoperization type of cutalytie reforminmg -ie;:gl‘at: applicabla
Py devivation of an isopuruffin from the correspéxpdirig mml forne [he

cé, C3 and n-y pa.rni‘fiﬁa are thus resvoctively aumc’i\aq \ 'l;ho three lowest

poseible olefin types, nomely, C2 (sthene), Cj (propene and €, (tenes),
Ischutane (1aC4) 10 also obtainable by isemerination of nilly,

Chrema-aluzing cutalyst S8 used for the c:;.hulybid del:ydrogemuon of

peraffin hydrocortops, produeing unsaturation in ths n]iptmtio hydreenrbon

molecules, The cotalysh conaists of a mixtars of chromia:and aludicum

owides, witn the chyorde oxide supported upon the ulmina mineral eapth:

substuace, bawxite, The procesy in questionis repres : 7 of & mbar

of catalytic techniques using metuliic oxide satalysts, -copmavelally applied .-

forming speeifically _yle],_:ia armatiehwdroourbma byne

-less wmsaturated hydrconrbma




Applied to buhunea, the mm-ahmm catalytic dehy&roermt i v“usl £

butencs in ths first astage, xmd lyy furthor dahydrogem :non the product is
butadiene, The 1atter is o diolefin .(ioe,, an waa.ttmted alipanidc
hydrocarbon with tuo doubde bonds), und it ix; the saeonc.li:lpf the tvo reectaiis
used in the ‘synthe'sis of B!mo. S vubber, i var‘!nthn ofthia sans techniqu

results in the delyydrogemation of othyl benzens teo. etyrem, “the othey ro.

aetant for Dunr 8 rubber,

DOy thexrml dahyd:-ogemtion, a [nrafﬂn is pym.wucany decampused or

dissociatod into on equilitviw mixtm'e of nydrogm and the correspanding
olefin, so that the latter ray be ae'pam.ted or nba'da-béa £ron the zono of ‘

reaction. imﬂnrb as in raoat onaen uhere u;e A_ o Msega _: )
ssrve similar mn-poaca, thia therml dahydzogmt&.m iees afficient

thun the chrome«c&tmﬂ.m cato.lysis, vhere the convorelon of hx‘wnes to
e

tutenes my axceed 90’ o ‘I‘he thtm-m. dehydropmu“. , is re].a'l_‘.ivelj.

by dta
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While the dshydrogenation and isomerizstion procosses mey be .used es sbove

deseribed, to convert volatile normal paraffims into olefins ex_iid {ipoparariins so

2s to produse *wt.emtial charge stocks for gas reversion, they are hnre Azeurlsed

‘

only es potential technijues, rataer than a3 process types thz_zf-ivquld rate provabl:

priority in Soviet refinery expansion programs. JTypical r}ei‘l r balences leavs
i !

little stock other than ethans and propane as charge for these :prpéouseap if the

operalions are to serve morely for increased liquid zecovery ro;n ‘jec't‘ gasese
Ethane and propane charge would be applic.able for ths dehyt_irég_‘ lor gpzrations
only, anc would yleld the ethene and propeno olefins tha’ gfe oi‘;l‘i’btle potential

value except for speolal use; as in the selsctive al‘z:ylatfm»oi‘-bmzenaz. In actun”

cormerciel practice, the two proceoss types are reastricted to special uwme,

The thermal dehydrogenation operation is typicaliy integrdt’ed,_i_\.&vi:th thermal

polymerization when the latter nrocess is applied. Jut in most cases %" Yizuld

it

recovery is to be made of 05 and lighter" ntot;kn ,rem_aining Aiﬁ th éfinogy rejoot

gasos, with these stocks mogtly oomitituted by the c., c ‘8 omml pareffing .

as comparsed (o

liquid petroleum pases (L;P..Ca Yo . Toge_the; xdth'nﬁturéi _(;aéélin’ ie products,

1t is improbable that tae Soviets will give aa :a\iclx-f;riority to ‘shimmediete progrim




S Y RS
%—-—

for increased general reforming of the noyhtha stocks no:mall& conbaivred in geso-
lines, Although gemeral reforming of this type may result in mach iwprovement of
special quelities such as coctane rating, the technigue usually résu‘l'bs . & decre wad
Yield of gssoline and also of total liquid products., Thig is"tr'ue aver i f thosw

liquid products include all gas reversion stock obtained fr@’ﬁh,e excese reformsc

geses,

New catalytio eracking is definitely required if the US}S‘.‘- g oline yields are

to epproech the high percentages of tho crude obtainable inmo a rofinery pruce

tices. Catalytic cracking would produce high n;gna bese ‘stock in sufficiency for
the apparent USSR potentials, requiring no general catalytic iqf rin except
where the latter is in a secund gtape following crasking, as in “the Houdry Catalyiic

system, Thermal cracking and reforming do not ordinariiy produce avgas stock e xeopt

insofar as they yield alkylation che:'rgeo Expanded catalybic"e,ﬁd' ﬁ)@mal reforming,

capacity in general use would not appear to be otherwise need'ed.:in'an duradiats proe

gram to inorease the relative gasol.'{nq yield, with high pote; to be attained

in high 'octxme avias production. TheA g;ne-:al. refém’éng. vv«"ould’ ly decreass tre
totel gesoline yield.

General reforming, probgblf .’bhem::é‘l!..{,}:ywould a’l%pgéﬂ;,}ger;ti;i;q }u_,e:!.ve sacondm*'y'
priority, howéavern ‘in an ultimté plan tpfxﬁoderx;izé Smetrei‘ : The thormal
reforming woulci be urgentiy needed for mo1¥or _vgaaol.ine qualifﬂ'v

would aigo

increase potentiel ylelds of high octene gas reversion liguids. - Catalytic rafumicg

for srecial rather then genoral ugo is .’aci:udiiy._é factor of p:
. importance in the program., This speciél use 'pva'rw;_'.aina particulafiy to the avgos

“ S




potentials, and it is in addition to the use with cetalytic cracking for base s%o¢ -

production, ms in the Houdry system, Exmmples of the specie ithout much

;pparent advantage for the Sovié ts include the »dehydr;gmgﬁion Jzomerizaticn o
normal peraffins for gas reversion churge. Another and muéh more important o xewnl:
relates to production of'aromtivcf ff)r_nygas add:ltiveao
ndered otsoeleta

It is noted here that thermal referming is nok nééesaa:i‘l_

by the modern catalytic techniques. S»_omet results _j_‘t‘p.fe'.i‘fsﬁ_:illmaati faotorily accom-

tic crackiny

gh the reasnom:.
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mly commericel availability of these naphthenes is in abralght x“;n;i)gab i:.-v::..--z:
stozks. Virzin base stocks of thig sort comprise naphthenic gaso.’{vn.x:\.eixﬁae: LACNE L

n‘ the naphtiwnis crudes as distinguished from Lhe so-called para.f’ﬁgié‘, ugphuit
base, und mixed base crudes. {In the imtier '!;"are.e m*ude,._types,, v"irg;n SResiing
fractions are géenerally ainphatic, )

Isopentene 1s pruducsd in quantity by the sataiytic cracking of virgin tocks,

and it is in genoral satisfactorily separable from the cataiyyic» base product.

Isopentane is moderste in avpas addi.:ti;ve a.('-.i_‘ectn-‘ It :,l.a_ ﬁu‘ther i :fsi}.:in;g com-
pound that may &‘erve. 48 8 necegsary v»ap.f.)r:fre‘as\we blending 'fn'ge.m_ vgas, - “he
availabie isvoctane mixtuies, ,_r,éne‘rany contai»x.\ixjxg‘the raftlronug:z...b Lans, congist
3 of dxew

on the one hund cf the aviation alkylates produced b',; the chemical;

outans with butemes, and on the other };and; of the hydrocod:imar mixture procucsd

bty the direct hydrogenation of the codimar polymers of 'liut'ene‘s.«, Moderate ncditive

erfect is a Yeature of these iscoctane aixtures and likewsse of ‘th tenae

(susctene iteelf. Otherwise sometimes aveileble, but not 1a aommux;_g wantities

08 titute

vrdinerily and probably not in the USE » nechexane and tri.frhe.ne also
ssaparatfin additives.  The latter two I'ydrocarbons é.r_o gmong.,ﬁh

dacts conmercially obtained by thermal all;ﬁ_qi:ion.dii:"-"isohuté,i‘ie"vd'

vatalytic erncking systems, isooctane alkylatag end iaownﬁézw vzonid

produced in quantities sui'fieient for the a.vgﬁa potential in the Sovi
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Excevs production of thess or similiar moderately effective additi) would not

latter are required in attaining the high-octane avgas pctemt:!.g:_l:. ’-Vt:lvfxe mest impor iy

Q

19

production of other moderately effective 'o.i&diﬂvéé.',sl;pﬁ as by & ation of th»
difficult thermal alkylation process ylolding hebheiﬁixé;‘ Neither

difficult fractionation operations be j_.ndicu.tod,_. for obtaining

cuts from hydrocarbon stocks such as natural gasolines, aliph‘afci

: . (28
gasolines, and other common nan~aviation grade gasolines. While this fractionation

might result in considerable ‘yielda' of isdﬁé.xf@ti_i‘_iﬁs for '_a.ddif;iv' 380 woald b
mostly tho moderately effective types wnless .the ohargs to the fonation is

unusual.




catalytic and thermal tethaiques in petralewm refiﬁing, with g4l wse e ol

avellable natural gzas liquids for blending. lhcal.[‘ng;nc;;.' 0 show that
natural gag liguids muy be avaitable in raiotively larps quauti?;vios ia bns 082,
The latter iiguids tfxre not, howsver, & soarce of the extre adc.lji;f_'i.vcs ."""' e Hzghiy
effective typd required. \

The 1:161‘&11'1:; cri1de cabtalyst fpdroforsing Irovess s probg.b%y the nos* effestiw
technigue awailable for pessible Soviet-ixms, tor -rzbtaining aromutic waddl vives Tron

the ordinsrijy avallsbie petroleum fractiovng not suitabie ror avistion gesaling

buse stock. Mydraforming apuoacs to be more suiteble end selective for this ruriuse

as compared to tre sluminuw silicute clay catalyst cravki'r’xg;_ ,Liriit It ig noted

1MLz the
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triptene. Hydroforndng would be selectively appilied to "ajlﬁ:ﬂatié wirgin naphthne
or gasalines, to yield high octene aronmtics‘resulting I‘rom sions to thev o

tornate use oY

a3 much as 50% in practice. This would be in contrast to -thé

liydroforming to produce yields of up to 757 of 85 oetane number reformed gascl ine

from the seme stooks. Thermal oraoking and reforming do not

aviation gesoiae

Lese stocks, and do not ordinarily produce aromaties in quant. y? “éwsn catmlytac

reforning is incapable of producing avietion gasoline brae stooks witi practitle

effictenzy, whon applied to the usual tyres af virgin and thermally converted rac/<ha
charges. Hydroforming catulysis is, however, highly efficient for geluctive rolurrLg

tu yigld uromatios,

Hydraforming s efficient for aronatic production from special charge st cks

eyelchexane, using & variety of metallic oxide oatalysts, including chramiz ae weil

85 molybdic axides, Aydroforming seleéztivc&-‘.{y yields toluene, a -pbv}wr.z\xi" broomat

avietior. gasoiine additive. Toluens is farther n principal s_touli-!“f/r (353 SETEREN

production by mitration. Methyl eyclchexsne iz ove of the less effustice uvintic.

N

facterily spared from the putential supplies of straight run avistlon gasniine basc

stock irn the UGSR. Soviet naphthenic ¢rudes otcur in conaii

abundance, Teo

stock (¢f, Table 1).

© e -
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If thormal hydrocarbon conversion is draskic with réapéét Yo elovnted fLempas:.

tures, and ospocially if thermal streys is severe due to the-ig?n_}j)ési tion of an al:uptk

sad large final temporature rise upow the charge stook, d(s:hygid: enatios and
tyclization may result to gve a highll aromatized vliquid yie:i'd_}together with 1e; )

Juantities of light gas and residue zarbon. A4 cénvéraion sug] this is usueily

not very efficient in regard to the 'rela’civdliqﬁid y:[a‘}i.d.,'." and ‘the sssontisl feature

of suzh u process 18 the method empicyed to attain tre "k‘!pkgi-"'“tf.so in temperas
ture. The Soviots have reportedly axpex;in:ented with a thermal technique using
partial oxidation or burning to develop the "k?clko:" irmréueutﬂin'tha charge atock.,

This Sovict development is lmown as the Dubrovai proseas, 3/ ’I'ho procsss 13 des..

cribed in the paper antitied Re!‘inini_af Patrolews in the U::SRV Z:;m this repost,

it is not krnown to have had significant commereial applicatic b for the

production of arumatics or cther stooks in the USSR,

T uncertain status in the USSR alss .as discussed in Ref “of Potroleum i1 -

the USSR, there is the "gyrolysis® prucessusadbythaSo

tor the production of gasoline aromatics by high mr essure oyoliz:

n;s’ﬁhi% .

Due to the peculiar need for Hydroforming in the USSR process!
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estimats 18 to be made of the probable status of aromatic additives production by
benzene alkylation and Hydroforming, A survey of refining ‘ndt‘féﬁﬁiaia is here de-
veloped based upon the assumption that avgas addj.tives production i3 sufficient

for the fina) blending of the oil stocks shown. ) -

9. listimated 192 Operation Balances,

In Table 15, Apnendix B, a correlation is compiled for the

0 Soviet patroe
loum processing, assuming a gross and total basia# s ag to’ Teasonatile

over-all yleld factors. The table provides a reccnstruction of the.plansible

This estimatc assumes full YR of the equipment indicated té»'hiye".bgen~ in service, ar

othervise probably in services The results are computed with

of technical engineering possib&litia'é; based. upon thy inélc§

discussed in 3. Soviet oil Stesk Avallability and Instailed Ref

in 1950), Estinatos as already mimmerised are applied Lo o
dstillation, thermal oracking, and twermal reforming. The Gurev.and Orsk londe

Arase refineries ame “Wd to hav boen OPGI‘M'J. ¥

wits are, however, calculated to give tha"vg'enerali‘zed yiélds__ ¥d

The following .variations of Vexv:mino;xj. haénﬁ_.tnheé. are app].zod

wits & Gurev and Ursk and further to the Houdry Catalytie ores

ompared, Oross.;
&re indicated with the unig mf.lnery

total estimated crude production
avallabilities result by applying’
bability prevails and an assumption ia’ made’. bh
oxist between the total quantities:

finished products, sl
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systen at Orske 'ith quantities stated as thoussnds of rictric tons per yeur,

the desipn allylate production in these umits was 89‘,5; “oaxl thi :[o,-z-owétai,
off as 90 forr the designation of potentiels alt.ixdugh__it is #o a productian
value of 39 :in Table 15; This production of 8.9. is dtarj.ved-in_i 15 by apply-
ing the ceneralized yiclds of Ta‘;ﬂ.c lb to o roduced Lota.'l. charg
place of the 1h0.6 total charpe (;a.von 1n Be.dger dos.i{;;nso‘ :
units with respeet to catalytic cracl:ine-_refmaing at Orsk,_ tho J;Y;Ider des:‘;g:n

ase charge capacity of 371 is a;plied in the designe tion of’ ithe_ : 50 potesbials

and in ths caleulation of production in Table 15 Hevwever, a:lme't?.ﬂ_s deglpn

capacliby includes some racyclc the m‘gi.n Laﬂ o:ll chm:-ge oupm:i.t for futwwe

projections is increased to 312;.,

Tabl2 15 includes therm.l cracl:!.m; a.nd rofmﬂne units in .operation at,

Kulbyshev and Kraanovodsk, at’ capac:.ties uhi -

Dadger mroposcd in connection uith ._the?}_lbi;dry lond-leage:

for those plices. Catalytic

of . o_,f]ccfl;ed
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polymerizetion and hyﬂrogmtion units ara likwisc shown to }

been operatiag

to produce 80,000 metric toms of the lsccctans m'drocopolymaro '{_I_'qgethur with Ghe
Houdr} and alkylation units, the lattar accourdt forr el z:ataJ.ﬁic PYOocUBEiNg esmiaed
for the year, It is egpecially noted that considerable f’leijﬂity ie ransorle ang
possible with respect %o the overall ylelis of lubss, wxces, and: pz"o;hzatsa of tho iy
‘ oi.l and speoialiy residual typl.m, ap roflmoted In the x*mim.ng yiold of mesiiondl iue .

oile

Fer comparative purpoges, Table 18 records British intelligence ost:bﬁates of whai

the Soviets probably proposed to do in 1950, in prmm'.l.gatiﬁg’ tha.fm.\ri‘,h Five Tem: Ste:

Flan, 1950 US refinery yields are 4in a.dk!ition sum:nzmimd' for Teleramss, Pecove: v ol

stock from refinery geses for saaaoml gasoline blsnding 10 g infercod 4n the Tohle
15 balance, As stated in a footnote to Table 15 rlnd,shecl gnso'.l:lm blending weuld not

seenm 10 theoretically pexwdt the absorption of natural gas J;I.qu:!.da within vaper proson o

nits & proper use 15 made of tho availshle plant O} recovery gasoline, It is prokc

howeverr, that natural gas liquids are currently utilized in qumxbity Ju tho USSR, ne:

only fur speeial fuel purposes, but alse in motor gaa‘o]:!.néa s onseusmee of el

clemt C), sbook recovery systems. in the Soviet refincries avalleble fntaild:

genoe Teparts deal with the Soviet utilisation oi‘natmm‘!. gn 2! of W/
natural gas liquid blend stock :!.s actual:ly avnilable as i_ soline with moderatc
vepor pressure, then as compared to the ' gh vapor prea ; i At may be astusily

added in larger qua.ntity to give = defins.ta' va'por' prénsureeb

10, Modernized Saviat Proccaﬁsi_n,g mes wth ba% ! wamﬁ_ Lor l":gz

If Soviet raﬁn:lng ingtallations u’ere mbdemizod to innlud ‘& btdauco of Oat?ly

and ncu~catalytic proceuses, aseum:.ng that the msbi:u rela shipm 1n the US
83 .
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reasonably indicate what n_:ig;ht oo prectible, the roguliing pat-enﬂa.i Far sdgh -
cuteane avgas production would be ebrious:y muny titet groater than iy prosen:
USSR meximum. Realization of such @ potentiel wouid noh emly depuitd uncn Yoot
cupabilitiss for i‘abx;ication and construction of the required eéu.i. pment,, but
would elsc be involved with USSR reduiremnonts smd‘\;ho capacity of Soviot SOy
to utilize the larger quantities of avges, 1 and vhea the ]utt;ér Doom: aeeilishl:,
The present h)(potheuis is not, hewevor, direst)y con-&erma@l yitb thosya contin.
gweies, ‘The immédiante proposition.is to indicate what .1ppeurl§“tlo Do tha catalyeiy
reasonslly to be expected, if the Suviets étri\}a te attain'}tl-ié bgimice,, ond gucavyd
in ettaining it at soms future date. Capacity for the avpas utilization is nst
necesserily & very critical fagtor in 1taali",. The neir cntalytié 'u.ni.tr; would 9
useful Ior hiph rolative yields of walivy mﬁ't;ﬁ;" fueis, ap is trué an the Ud iueing
peace, without being ap-lied for the ultinate ar ever very high ‘yieid% of avrsg.
When new oatalytic cracking and alkylation units ars he;e dgaiggatod ai éﬁi»ssi‘bxe
foatures in Sovict construction prograus, .n basic promise uf.%ﬁf).:étud,\,.’ ity Moroa
service to give the maximum yields of high octanse u:vg&n- vz;tocf{c’fluesl;%:hough this aq-,\l‘p_

ment would still be of fundumental value even if primarily: © “to yield motor

gesolines, But with respect to o<apabil_i:ﬁi;1é' oy construoti e how refinery -

systems, more realistic aspects wou.ld_bfa tnvolved if tho aypothetleal baiunce 13

applied to some estimated future pmdui;tiun, rather than to the.‘~pr9bab.2<+ i980 and

- . <

1951 values, inasmuch as the balance is v:i.r’tué.iiy "}:r'xc:'xm to be

from roalized si

prosont,

- 6l -
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Table 16, Appendix B, showe estimated USSR pe‘-.,rcleﬁn productions Ly aroas is

1955, compared withk the corresponding produstions from iden 5d regions in 1980

-

Of the not srodu -

(of., 3B, Production epd Bxploration 1n tho USSE, in this
ivity incroese thus indicated in this @riéd; fhe tflgjor:.;pap aboul. aqually di.»;:ide..:
botwesn Sovict Central Asia and the Seeand BﬂkuoThbl 1 ?nscihdabeé md
recapituletes the data an exia’t%ng 1950 refin:lhg 2‘ac'if..l.1t:i:esf_ l.vai‘rveudy discussed
(cf. Tablos 1;.7.and 15).
Although the matter of vaétu‘a‘l p:roB.abi]v.ift;x.niéh.tEw;):éll;; us ;omdp it ie sf..‘i'lbl'.

within resson, under favofable conditions . l‘ér‘:thu Sq\'rimf,s’v' ': ain by 1955 n h&z‘lam-::
in the catalytic snd non~catalytic rofining installati:mgf in USSR,; _coupasably
with what existed in 1950 in the US,. &'he previous ;i‘i}.scua‘si;cn hjtknis pap@r have
indicated the probasility and llogi‘c,oi.‘ Soviet emphsi.‘sji? upon ta ﬁﬂc zraoking _.wx.th
attendunt alkylation, It is re;xsonabie to-‘-;ur‘;pt;:\éq';tha.f.‘_a,i Houdry ix;xsts.llé.izi;‘;a;
3 dfas@gn ‘?&t‘“

and actual oonatrucﬁiop_ aup'er_"_vf..i-i It is also_;.
_\:i.c.:x ploa- to

Plausible that the Soviets have formalated s Fluld plant cons

replaéo this Houdry progrem.

Table 17, Appendix 3;is compiled to,-‘jshnw.éﬁ estiniata '5_51‘.‘ ‘a vible overall

cefinery vporaticn for 1955 in the US uR;daveloped upon a gros tbte.l basis asint&

gable 15 data which refer to what , _ »
appears to have been the nctual ]950 o ‘eranonn fable 17 is based upun the E“iu.,lp'» .

tion ‘that a cata‘lyﬁc vefining bnlar@céi;h-aa.“_x_)ieen_ atteinsd aa‘_[i iously inferredc

n itilisation: of

the considerab
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ertain data thus amslic:
o provides an

" Patlet3l and 35, Appendix B i'eia;r;é to tha denvation”
additional capacitvies raquired for the 1955 ba.lnn’cg./ Tab
estimate of what might be then involwed 'm t.his>1:955 processi !:151 catalytic
cracking plants by sites and in catalytic a}.ky}a;tidni,c;p;'e; _ . genoral areas,
.Certnin old non-catelytic units cimid well have quextiona 2 e status in the

future, however, and the real usefulness of some would of .coursg:depend upon the

rd ’

ment is still in operable condition,

The estimate in Table 17 incltides in thermglj‘processing',f

reforming capacity as there is cmckiné 'c’épécityo The latter is.a relationship

oot abnormal. in modern petroleun refining with eimphasis upon.

and with these

latter cupacities carried over in total.




POSTULATED 1955 CRUDE PRODUCTION AND REFINING cuxmcnms m THE USSR S
Plauaible End Results If. pmram Ta Adonted for High Ootage Ravines
7 011 Cuantetiés in Thoucands of Metriu Tons .per xoa.é
Indicatinp Cawiti.ea e Sime 19'50

" Crude Production (J.h Soo new)
Crude Disbmation (17,h80 new)

Total conve:mion (19,709 mw)
Anmial capacity ratiom SN
Crude production capar.ity i
Crude distillation ce.pac:!.ty .
Thermal convergion capasity
Catalytio converaion’ cnpacity
Total nonvewaicn capacity

4n inposing task is thus postulated xorfj the Soviets to
1955, an anmua). capacity of 37‘ 18900

17,480,000 metrlc tons of new cmda




The 37,189,000 met:dic tons of pew anmal- refining capacit_;j_- is in tha order of
about 750,000 barrels per ¢alendar dnj on the averége,, It t.hév'»a,e"ﬁu}xl dotalls of

Soviet refinery constructica progroms were to be revealed, 1t:l.a quite probable

thet such plans sre more ruoalistic, with & lesser cupocity indrease proposed withia

such a short perlod .o:l’ ti06, If no resei've excess wars to ﬂresu__lg_.i:n the p:ﬁ'bu.)..ﬁttk-fi
crude diau._llation capa:ity, the increase in the lsiter wouldbe é{lur:ed 1

7,080,000 matric tons and the total capacity increase v.fo\_xl_.dvﬁ duced ‘fso 26 ,789,@0 )
metric tons, |

1t would be loglcel for tha Soviets to complat_e' all of th nd-lease Houdry

iu mads’
projects before fotal change to a program ror tlw comtnxct.ion

gn‘tal;rtic crankﬁg
éystams more mcdern than the Houd.ry. It is also pmbable that" ! "'rq.would be a
transition period with the bzsic and available Houdry designé ,iapplied al certain

other sites. These other sites would probably be selected as t,he oncg where there

is an obvious special use for high»oct#ﬁn avga'é i’acilitie.s__'"'(:l_. catglytic refinirg).

Sites cf this nature would includs industrial centers se‘rvicing}_the mors pxolific

Seviet oil.productive regions.
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Hore than 706 of the Soviet Caucasus crude is presently produced iz ihe Relw

Region. This old and famous Reglon is at the Caspinn'shoi'é 1 o eastern part

" of the Caucasus, To the west of Baku there 1s the Crozry Reglon; the major produsiiv.:

area most centrally situsted on the Caucnsus isthmis. The Ba.kuam! Grozuy Ragious

would therefore sppear to be logical areus with high priority in reguvd i Quhedy i

refining ihstellations, FPartlcular sites im these regionai:y_-. uld be »mspactiw}y

the cities of Baku and Grozny, already known to be the major industrial centers ¢f

rofinirg 4n the Caucasus, S:Imilarly identified as an inddstri_éibanter of existing

refinirg there is the city of Ufa in the Ural Reglon. Groapy and Ufa already

\

contain UOP catalytic polymerization units, and Ufa is furt site of tha UCP

catalytic hydrogenation plant for the pmducbinn oé’lwdrocopo ra (chiefly iﬂo— |

octans hydrocodimers). |
Baku is probably the most f_avox;ab;;e deiet :Loc.aft@n» for, tallation of

high-octana aviation gnso]l.in.e vx.‘acil‘it.i‘..e.s slnce it.iaestsblis s p\le la;'ggst

center of refining in the USSR and hua a gqu sﬁpp}.y of cmde'_bi‘[ containing the

fractions desired for et.‘raﬂ.ghté-mi avgas bmatock., '[n vi he importanse -
of the Beku Rsglon in the USSR petéoléum sconomy, it 1s probable‘that the Soviets
made plans for the construction of a catalytic cracking plant _alkylation

facilities at Baki, representing their ows modificstion of ‘of the lend-léwse

wore probably well advanced by 1946,
"‘ 69 @




constructed by UOP. Saratov is an important refining cenﬁér .in the Volga Region,

an oil-productive area conha:lning the site of one 1end*lease Ho pProjeci (Leu, :

at Kulbyshev). Grozny: is the aocoml largest. refininp ;.e.nt pr . ddeatified
in the USSR, and in viev of the xmch larg_er crude prcnduction..'ih_v Cancasis comparsd

to the Volga Region, it is probable that Grozny snd Eaku would "hg _,higher priority
This is especially

ase Houwdry plant ,

ies. Indlesiions
n of high-octape :
naist of the cax :;;1yt:$.<: :

h&drogemtion‘plant producing te'chnical 1a’o'o_ctane.~

Ufa 1o nn',im‘ortant and establis ed

Grosny, and Ufa, It 1s considered to &

sidered to be an assumption not 11%0gt
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constructions at Baku, Grozny, and Ufa would each"lmv_é_"d £
to the standard lend-lease Houdry system, Five Houcii:y 8y
be completed for opsration during 1951 and 1952, Each of the

to have a cracking case charge cmpacity of 380,,000' netric:

systems (760,000 tons charge capacity) bbmplet;ed by tfm begin
Although there s no firm basis to esteblish just whers th ype of construsticn
would replace the Houdry type in 'the postilated Soviet

expediency and priority could very well‘lead

lend-lease Houdry system at Baku, Grozxw; andea, p_rio'z{:t &5

subsequent. catalytic cracking plant coﬁpi "i'ov - would

arlier compls tiona

* such as at Ufa, and likewise the préserx}ié of t f toe followllpg':

completions.

there had been already compiqt._c_l; e _

on two-sevenths of the total -'éa'zpi;\'city

It is hers further assumed tiiaﬁ, nigh or]

the construction of Fluid Gaialyﬁﬁ.é Cra.ck
BRI i}




variously related to the basic designs, the oigﬁniaation’:f ram, the estatliisk.

ment of tacilities for edulpment mamfacture, and a.ctugl const on upoa tha pre fect ;.

the postulated catalytic alkylation and Fluid Cracking units viara} &ssumed Lo have hen

completed in the followlng two years, 1953 and 1954. In the postulated rluid Cat; Ayt o
Cracking undts, the total annudl charge cnpaciiy isA 10,216,.000499;5:‘1(: toni, or abo.st
four times the capacity of the Houdry units, Of the cnpacity :Ln Fluld units, the

postulate shows a 1953 campletion of ‘about, a third, nr 3,&16,000“me1;nc tons, and «

1954 completion of the remainder,

In the construction of Fluid Catalytic Grack:l.x)g uaits in th‘e:. ISSR, a practicablc

procedure would be for the Soviets to plan fnstallation p'f -s_malle' ééjiaci.ty plants

first. Early special attention might be g.’wen to :!mporbant diat iou ceaters such as

Odessa, Orsk, Moscow, and. Komso:nolskn With plans and 'designa b'f _ ming worlmble in

1950, active constmctton of the Fluid units migm begir- in 1951, carried ‘oi in voorvine. -

tion with the Houdry systems :lnit:l.ated at eurlier dates, . Asstming ‘the basic er.

8ineering designs have been completed and that bano.ifit.a havl;’ beén . éed from the eu'l.'gc'c
experience; and further, that the 1ater projocts are in émgm;zs‘.‘ -
the I‘adlities already set up for the fabrication and erection of i;nipge_x:t; then undar

those conditions a rapid increase in the ratc ot proje:t uomplotio dla bo log’.téal
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in the Fluid construction program,

The need of early and greatly expanded catalytic. ér;ickh)g woulci b_e': obvious at Pl
While the lush Baku oilfields. appear to be well past peak e@loitation, thay reaui:
as potential sources of more than a fifth of the tots)l USSR petroleum productions 5y
years to come, BRaku is further an important oil pori. on the 'lua@-bomni vrsplan Sen,
for service to future oil productions in other parts of the Soviei; Caucanas
Catalytic cracking units at Baku would more than Justify the construction hy m.s-?s,«,

of usefulness during normal periods of operable equipnent life.




catalytic cracking plants in quqation.,\
CORREIATED QRDER OF POSSIBLE COIIPLE:P_IGN mmsm:um SSR:

cntalytic Cracking Systems Atteﬁdazrb 'u;égh- ’a'__zgaéibie Progran £

Houdry Systems Assumed Existing in 1950
Gurev ' v
Additionnl Houdry Systens Assumed Campleted Frior to 1953 _
Kuibyshav o |

Kraanovodak
Baku

Grozuy : e 360
Us : : : .

380
37

380

Fluld Units Assuned Completed in 1953 and Operating Part Tine
Moscow ' A L
Orak
Odsg3a
Konsxolsk

Additionn) Fluid Units Aseumed Complef

Tashkent
Krasnovodsk

Tuapao

Saraiov

Ufa
the aromatic sdditives nomally req
blends, For the 1955 balance in T¢
desirable to produce ammaticaddi
stocks for this catalytie rarmmné
reagonably exist for the aJqulati of-be

speocific aromatic additivés_sﬁch a8 ‘cunene” (1
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aromatic additive toluene might bo likewise produced in commercial quent.ics

by application of the Hydroroming‘process to reform a char_gg' eptane ena meury .

cyclohexsne. All of these catalytic sroductions. of aromatic. ‘ure, howeves,

tlosely related to the potentiamls im the Soviet.poél_ oarbb'iizﬁﬂ and othap

potentials in Soviet use oi the ﬁubroéai'and'l"vﬁblyéibf' piA"(Qg:ogs,

reforming, '

dovelopment, ospacially'-doéling with: he

alkylation processes, 32/
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II, TFuture Potroleum’ Refining for High Genaral Distillate !‘.‘xeldé.

Summary. .
Plausible New Refinery Conatructions for High Distillat.eliéldé'.

While the coking of residug serves for ultimate distilia‘té.yi..eild from natural
pvetroleum, the coking process is‘ not generally economical and it ié probable thai
the Soviets would have more use for residual fuel oils than for f’.he_ coke, coker
distillate fuel oil, and coker gas, Visbrealdnp;ib' or mild cra;:kix;xg of tﬁe crude
residue would probably serve the Soviets for nractieable ma:d.mum y,*;.el:ds .of distil~
late stock. In comparison to more ad_van%:ed devgre.els éf cracld.ngae apnlied to gas
oils and oil tesidut_*s for a 7iven conversion to lighter i_'ract?.oxis,': vishreal.ng
yields less ta.il gas and more total distill at'es al’»houéh the.g‘;a..so‘l'ine distillate
product is in smuller quantity and of lower quality. For pragtic_;a.ble o wration
in the USSR, however, it. is nrobabie th_at thermal cr‘acking wouldbe correlated
with visbreaking in order to convert the heavy gas oil distill;ﬁes (io_go, dis=

tillate fuel oils) %o lichter and more useful prod:cts. The thermal cracking

charge would then consist of the heavier gas oils produced by disi_illation:,
visbreaking, and catalytic craeldn:z.'

The present hynothesis of a high- d;i_svtj.iiété ﬁeld'.prq ra

tive catalytic hydrogenation of crude residuals might otherwise onsidered in

the status of a cracking techm.quetoaccomli _ hermal oro-

% Only the usual (i.e., thermal) tyne of visbreaking is invol¥ed.in the oresent
study. . . R
-6
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cesses of .visbreald.ng and true crackinp;,' It is 'not.'gld that.l by this vl'llydro.genat,i.cz‘
as compared to the thermal processes, there would he a practicab;e vossibility oft
- more comolete conversion of the heavy stocks to lighbér .t'ractiqna leaving a
smaller nercentage of the final heavy residucs. Further, t.hor.e:{f x:qéﬁld be a pragtic-
able nossibility of more effective gas recyeling so as to result in alkylation znd

other nolymerization reactions, producing hydrocarbon liquids _(i.e,, Atrue Yoilst)

generally within a distillate boiling range, and in this fagﬁiq ubstantially

reducing the notential process gas loss, Thus.v'v'bhe:‘ hydrogenatio ould be anolied

for nigher relative yields of the distillates,
It is also noted that some inteiiigence ana‘.lv.ysts‘h'ave» h1fgrrq active intere;f:-

rosidn-s. _

on the nart of the Soviets in the-dest.mctiw_re hydrOgonatiqn ‘0%

Renorts have been cited which describe excellent results obtuined with Soviet

"mazut”™ in the Bergius hydrogenation nlant. at _Boéhlen in the S Z:orie of Ger~

.

many. The Soviets are also said to be sending -junior. technolo, ‘or training

in the Boehlen nlant. In the case of Western refining nractiée,‘ Bver, destime « .

tive hydromenation is no. menerally c‘qnsidersd__'t.é_ba as economi. g egirable as

the usual cracking tschniques.; Milder i‘orms ©

vompared to cracld.ngo mstfpricalljf'
served to produce technical -iggopt,.

thare have been importmtdevehpmntain 'appiﬁvi
intermediate distillates, caxuing quality improvements in 1et sel fuels,
With respect to catalytic refining it 13 nevarttwless cons:l.de to be probabie

that the Soviets will hawe at least all four of the Iaandet.oase Houdryi catalytic

eracking-reforming sysfaama_ :ln oper: on by 1955, It is. a:lso conuiqiered to bs a
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realistic probability that the sulfurlc and catalytic al!q;lationuu_hi'_ts.wﬂl be

similarly comnleted ascording to the original lend-lease pm;jec,tjvé_gsigns, Akyla=

tion and other types of gas reversion would actually serve to ﬁ;cre_a__aé'the total

distillate yield although the necessary equioment would be relativply extensive anc

complex, but with the excent.ion of the correlated polyx:wrizatiohiﬁ&drbgenation

system already existing by 1950, no other catalytic facil:l.ties are here postulated
for the high distillate yield program.

For comarative purnoses the high distillate yigl«; program ie 'iﬁ;jen.'nostulated

dpplied for the analysis of the high octaﬁé:'.z'atin:: _;aillbe.u-r'lateb.,_ Rafe ing in partie
oular to crude distillation and virgin nmpﬁha refo;&rdng, e'guipr.:‘aa'z_it d overation
are calculated to be the same in the' alternats analyses. Adequ;be_'vgyéiwnal res

forming is assumed to be a practicahle mquirement in both nrograms,‘ consi(aering

the characteristics of the v:h'gin napht&:a. as indicated for 1955,

estimated 1950 yields the larger percentage of themal reformed gasol:lne ‘would
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Postulated Operations in 19553 _
Charge Stocks in High Ostane Rating and High Distillate Yield Oﬁerat‘ions

Thousand Metric Tonn
Alwornave Operaticap

TEgh o ingn
. Octana Distillata
ir, Gas 011 ‘ Rating %L.»
Gharge (Total Charge) to Catalytis Cracking 12,870 1,51,
Thermal Cracking Charge 0 11,38
Total Production 12,870 12,1370
Crude Residuum ‘ '
Thermal 'crac)d.ng Charge : 13,650 0
Fuel 011 Product ‘ 3,500 0
Charge (Total Chargs) to Thermal Vishreaking 0 17,550
Total Production - 17,550 17,550
Thermal Cracking Charge - .
Crude Residuum ‘ S 13,650 0
Catalytic Gas 01l ) ‘ Ln8 06
Virgin Gas 041 0 1,356
Visbreaker Gas 0il 0 1,053
Total Charge S V18,§‘68.:;.v. L a3ms
Catalytic Alkylation Charge ' . : 2;251“‘:__,-' 276

The following table provides a summary of the USSR _mfinip'g"e@acities vy

types, estimated or agsumed as above stated with reference to -t.h" hi‘éh-diaﬁillate

are shown in terms of product for the gas. reversions and isooctane. systems,
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Estimated and Postulated Refining Cepacities in the USSRs
Data for High Distillate Yield Progz'a.'n in 1955

- ’ ) Thousand r-btric Tona per ‘T
Capticlty .
— ﬁaﬁfa%ai!

‘Estimated  Modified %o Postﬁié*bed Poswlat.eri_

: Existing in Visbreaking euw® by Total
. Type of Facility __1950 by 1955 1955 1955

Crude Distillation W,920 | 17,080 62,k00
Thermal Reforming 989 b;i67 5,076
Therual Visbreaking 0 T Au297 1253 17,550
Thermal Cracking 16,312 =3,297 o 13,08
Total Thermal Gonversion 17,301 18,360 35,66
Houdry Catalytic Cracking a/ 75k 1,51
Alkylate Production b/ 50 13
Isooctane Pbod.uct.ion_ [74 80 30
Total Catalytic Conversion | 92l 1,779
Total Conversion 18,225 37,450

[ Houdry units include supplementary ca.talyt.ic refomingo
b. Catalytic gas reversion,
6o . Catalytic gas reversion nlus catalytic reforming.

Similarly as in the case of the high octane rating analysis, the foregoing

USSR data may be compared with the 1950 US status as followss

©B80 e
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Capacity Ratio Comparison for 1955 High Distillate Yield Progvan

Rolative Welght Ratios

oma paste
Estimated Pogtulated
Existing for s
Type of Capacity 1950 1955 1950
Crude Production 1,000 1,000 1,000
Cruds Distillation 1,198 1,200 1,192
Thermal Conversion a/ 0,561, 0,686 0.395
Catalytic Conversion 0,025 0.03L 0.316
Total Conversion 0,486 : 0.720 . 0T

4 Consists of reforming, visbrealing, cracking, and in the instance of Gho U,
also some minor capacity for thermal g38 reverslon. But whare the capacity fag-
tor is not very significant for vistreaking in the US, the corresponding factor

is a ratio of 0,338 as here defined in this roatulate for the USSR,

The following table shows the geographic disteribution of the hynothetical

USSR oapacities for high distillate yieldss

aBlo
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Postulated Capacity Data for 1955 in the USSR »

High Distillate Teld Program

Thousand Matric Pons per Year S

Southeastemn
Southwestsrn Buropoan
European Russiag -
Rusaias Soviet Noxthern Sovist
Soviet Contral Euronean Far Mnor Tobal
' Caucasus Asia Russla = Eest  Sites S5R
1955 Crude Production 20,100 11,000 19,600 1,000 0 52,000
Estimated for 1950 28,850 55560 8,765 1,280 S5 kb, 920
Added mNewn  —2 2B W@ __o g
1955 Crude Distillation 20,850 8,820 22,975 1,280 L85 52,hoo
Estimated for 1950 0 218 mn -0 0 989
Added "Hew" 2,081 32k ~2e640 2l -2 L baor
1955 Thermal Reforming 1,061 5712 3,11 52 0 5.09
.Modified from 1950 Thermal
" Cracking 567 o] 2,598 132 0 3.297
Added "Newn 22813 2,200 <DakT2 58 SO 1 735
1955 Thermal Vistrealdng  b,080 2,200 11,070 200 o 17,55
Estimatad for 1950 . 6,086 | 3. 721 6,031 Iy 0 16,1212
Modofied for Vistreaidng __567 -0 259 a2 "o 309
1955 Temal Cresking 5,519 3121 3,433 W o 105
Estimated for 1950 o " 0 o 0 75h
Added "New® 0 3% 380 ' o 0 __.760
1955 Catalytds Cracking & 0 1,150 380 o 0 12,3k |
Estimated far 1550 0 gy 0 ;p" 0 89
Added PNew® ) hr 9 0 Q %
-1955 Adkylata Production 0 138 k7 0 0 188
Estimated for 1950 ) - 80 o 0 80 -
‘Added "New" -0 y 0 K} 0 o __ .o
1955 Isoootane ®roduetion 0 0 80 0 0 80

& ﬁoudx-y systems including suppi.
b. Soviet Caucasue codimer pblyme

emnﬁary ehtalytia eaforming,

T contributes to iscoctane,
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Product Yleld Potentials in Hi~h Distillate Yield Program.

The following taﬁle summarizes the comparison of yield notentials for Soviut
reﬁni.ng, referring to the estimated over~all onerations in 1950 and the over-nll
hypothetical operation for high distillate ylelds in 1955, In direct corresnon=
dence to the p;'eceding analysis for the high octane rating progré.m, the basie of
this table involwes gross ylelds at the refining units as devéloﬁed ;t‘rom an initial

charge of the estimated total Soviet crude production,

A2
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Oross Yiel.ds in Soviet Refining

1950 Operation Versus the Operation
for High Distillate Yields in 1955

Thousand Metric Tong

" Hypothetical Lo55
Estimated 1950  Migh Distdllate Yiuld
s . Processing

Oross Percent Groes Pargent
Yisld Crude Held Crude

- s

Motor 2,721 7026 1,593 3,06
Aviation gfw 1,08 2.71 _J,‘,}__:sl 2,19
Total Straight Run Base ~ 3,739 997 2,730 5025 -
Thermal Reformed Bage e 1.93 3,730 1,17
Total Base from Virgin Naphtha BU63 1190 6,60 12,42
Motor 23 0,06 b7 R
Aviation 186 Qg0 316 0,72
Total Catalytic Craclked Base ‘209 0.5 423 0,81,
Tsonentans - ~2 005 10 0w
Total by Catalytic Craclking | 229 0061 163 0,89
Thermal Vishreaker Base o] ; 0,00 2,‘535 5,08
Thermal Cracked Baso ‘ 52176 15.40 &aggz 8.87
Total by Wabreaking md Cracicing 6,005 1600, 7,708 .82
Alkylaticn Blend Stock b/ k2 om 86 047
Motar 8 X | 0,03
Aviation )Y 0.22 _}QQ’ Qo3
Total Aliylate 89 0.2k 185 0,36
Isooctina of -} o % Qo35
Total Gas Reversion Blemd Stock d/ 169 oy %5 0.5

Total Stable Oamsline Base and Blend 18,679 283> Uik £27.94
Stocks o » : R

Thermal Vishrezker 0.0 5,966 .8
Thermal Cracked o 2.8, iy A6

Total by Thermal Vislweaking and Gracking1,065 2,8 6,812° 3.1

4

Stralght Run _ &8l 23,0 - 2000 9.5
Total Intermediate Distillates 9,679 29,8 16,952 32.6

% Footnotesa follow on po B87. (Continusd on next page}

= 8?’ ::’»
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- Gross Yields in Soviet Refining. -

1950 Operation Versus the Operation
for High Distillate Yields in 1955 .
(Continued)

Tho

L o
_ 5

s tessie

Rynothetical 19

4
D WO . -

Estimated 1950 High Distillate Yield
Proceasing - .- Processing
Qg Pai'cmt 2 ‘a;;ma Pafwn"&
Neald Crude . “Yield Crude _
Lubes, Speciality Residuals 2,718 7k 2‘,730 So¥
Thermal Vistreaker 0 0,00 7,(;20 13,50
Thernal, Cracked ToI36h 19,64 5,_13,8_3_ .32
Total by Thermal Vistresking and Cracding 7,36k 1964 _1é,§oj 2,62
Thermal Reformed 97 0,26 500 06 55
Total by Thermal Conversion 7,60 19,90 13,03 . 25,73
Catalytic Polymer y{ _m_;l_l_;_ _92_0_1 28 0, (55
Total Conversion Redd!;al 7,475 19,93 15;'_431 - 25;83
Straight Run Residual 3,8 2083 .0 0,00
Total Residual Fusl 01l 1,123 30,5 25,9~
Over-all Progess loss 2,951 7.8 8.4
Gross Products _ M 2.2
Totel Crude Chargo £/ 37,500 1000
Thormel Viebreaker Basze 0 | 0.00
| Thermal Cracked Base 5776 Axlo
Total by Thermal Vistreaking and @rasling 5,776 15,40
Thermal Reformed Base ' I8 193
Thermal Conversion Bass " 6,500 17,33
Catalytic Cracked Base 209 856
Total Converaion Base £p709, 17,89 |
Stralght Run Base } LIB %:
Total Stable Gasolime Base Stocks 20,148 - 27.86
- 85 =
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Gross Yields in Soviet Refining

1950 Operatlion Versus the Operation
for High Distillate ¥islds in 1955
(Continued)

Thousand Matric Ton:

Hypothetdlcal 1655

Estimatod 1950  High Distillate Yield

——ioceyning - Processing

Oross Pelcond Gross Parcent

Yield Crude Yiald C““"?’_
Catalytic Cracking Isopentans 20 0.05 40 0o08
Gas Reversion Blend Stock 4/ 1589 Oohis 265 (%7
Direct Catalytic Conversion Blend Stock 189 0,50 30% 0s59
Alkylation Blend Stock b 2 11 .8 Co]
Total Stable Gasoline Blend Stocks 231 0,61, n Co75
Thermal Conversion Base 6,500 17,33 10,970 2.0
Catalytic Cracked Base 23 0,06 47 8,09
Total Gonversion Motor Base 6,523 . 17.39 11,017 2,39 -
Straight Run Motor Base : 2,721 7.26 _g._,.ggg 308
Total Motor Base 2l 2,65 1'2;&16 20,25
Motor Alkylate 8 0002 W 0,03
Aliylation Blend Stock b/ 42 (23] 86 . 037
Total Stable Motor Oasoline Pase and - -

Bisnd Stocks 9,294 ak.78 12,73 2hob3
Catalytic Cracked Beso ' 186 0,50 3% 0.7
Straight Run Aviation Base o/ 1,018 2,7n 1,137 2,13
Total Auauoﬁ Bage 1,204 3.2 ’1;51.5, 2,94
Aviation Adiylats 81 0,22 168 On33
Iscectane g/ : 8o 0,21 . &0 013
Catalytie Cracking Isopentane 20 9325 o 0.03
Total Stable Aviation Gasoline Base o

ad Blend Stocks ' 1,385 3.69 1,801 3.h7

| (conunmd-_'bﬁ nexi; pag.)
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Gross Yields in Soviet Refining

1950 Operation Varsus the Oparation
for High Distillate Tields in 1955
(Continued)

8 Potential virgln naphthenic stocks. These notential ylelds: ob_viously include
excosses over tho guantities usable with other avallatle avgas ufocks in the final
avgas blends, »

bo Excess chargs stock to alkylation, easentially censiating of excess bubany
stock derived by crude fractionation, reforming, cracking, and visbreaking.,

€o Derived by hydrogenation of codimer polymer,

do In part as represented in isooctans,

8o ‘Produced in the supplementary satalytic reforming stage in the Houstry Catalytie
Cracking systoms.

fo Later estimates have indicated a total 1950 production value of nearer 38.0

. million metric tons. for Soviet crude odl, ' ’

&
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Poasitle Potentials in Finished Distilloto Blends.,

Simlarly as explained in comnection with the high octane rating anal:iuis,
additional gasolins blend stocks may be involved if finished gascline oi.ands are
prepared from the gasoline derivatives ¢icwn in the high distlllate yield analysis,
But further as explained in the previovs -nalysis, the inclusion of finising gasoe
line blenda would probably cause ].i.td.lra sh.:nge in th\e general. cbmoa.rj.sm':.s nars
daveloped between the operations estimat: for 1950 and the operations im;.icated
in the hypothetical construction p:\pg:re;ﬂr\. ”m the high dis_t.illahé _ylald. cnalysie
the gasoline stock production ropresents & crude parcantage 'nearly. 'r.he; sard ag
the one in the 1950 estimate and much les: than that in the high ostans rating
program: As inferred by the original. hy i sheses and in contrast to the bigh
octane rating program, the high distillsa.. yleld operation is s,hoim 1o euuze very
1t8de change in the high octhane avgus siocks production, compared to 1950 in
tarms of percentages of the crude, Tn tu high distillate yield mlan end the

. _ .
1950 estimate the gasoline productiors d.; fer chiefly tecause the thermal ree
formed and visbreaker gesolines of tho h;nmtheticiﬁ nian replace gcme of the
Btraight mm and thermal cracked gasclinas of 1950, o

A salient loature of the high distdliste yield oneration 1§ in ﬁﬁo darper |
percentage productions and therefors qua!rt.i.%atiw produz;tiona of ths vari-ns stocks
commonly classiﬁ.od‘ as inteﬁnedj.a*o and. 2¢nwtimes heavy dist.illa@c;é;_' Theza dse
tillates are the "ntermediatas® (heavy ,m.ha,s and light ges oiis) whick bIV::G-
sumably have an over-all distillation o noint in the order of 650“'1*"0_ ie the

Tesult of increased use of virgin naphth:; fop thernal. reforming in the high cotane
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rating and high distillate yield programs, however, the stradght run fracéions
such as kerosenes and Diesel oils are considerably decreased among thy *lutere
medlates,” compared to 1950 in terms of percentages of the crude, "x.*n.amal Vis<
reaker distillates account for the net insrease in the total Yinterm:diztes” in
the high distillate yleld program.

Referring to final or finished products it iz convenient to ciessify the total
virgin and conversion "intermediatea" within four geneoral oabugor;eén kpro3enos
and other stocks for dirset heating and #lumination puroose} .kbi'oaenes and other
stocks for "tractor fuel® (that is, fuel for lower compression .s'marlcm‘lgni'bion
reciprocating engines); stocks for Dissel fusl (that is , i’uei .fgrv cumpmssifmf:
ign:lt.iog reciprocating engines)s ajnd X'cer-oser.evs and other at’opks ;;‘;:r ot fuel
(that ig fuel for jet or turbins engines in aircraf"b)o While the available dafia
are far from adequate for estimating the octans ratings, cetene ratings, flams
chwravwristicy, and other physiesl anc chemical propertieé, of tho "in‘c;madiates"
obtainable from Soviet crudos, the lack of this information 18 not necass’;"m;y
ceritical in the prosent study.

Alzhough there may bs more or lems loss in tho engine ef.f.'iciehf:y in doing 30,

it 1s still possible to dssign and operate the various internal piéi@gusti.on engines

80 as io utilize most "interrpedi;tas?' as fuel 1f it is assumed thg; the "ingore
mediates” have tho range of distillatiew .and quality charazteristics normally
prevalling for them. Thus the co@reusion ratio may be »odvsed in tha snsrke
ignition recinrocating engines Bo ag to be suitable for low octane ratings: oneras
ting condivions in.y be satablished and the spiwed reduced in Dissel ensinas so ag

~ 89 o -
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to be sultable for low cetene 'ratings; and jet angines hgve.'bjol‘en devaloped to
utilize cracked kerosenes as well av straignt run stock, within .a range of soeci-
fications fiexible enough to aliow more “t.har'x half of the _t&pieal érude to be ‘nro-:
cessed and converted to the svecified fuel, Jet fuel snecir;i;é;t.ions are subject
to rapid experimental dsvelonment and chahge outside of the St;vié‘c Hoe, and
this status orobably nkéwis;e_ prevails wi.thin the BlocoA

It i3 important to note that while jet fuels potontially conuti’mta 2 much

greater percentage yield from the crude as comnared to pessible ylelds of sult-

akle aviation gasolines, and further provide for greater travel speecd in airerafy

as compared to gasolines for iecinmcati.ng eni;ines, et fuell '8 nevertheless by

ne mezns indlcated t.o ke universal engine fuels ruplacing gasdlms aven in aire
craft. Jet planes are limited to high speed aém;a, Significant limiting face
tors are further connected with the rglative fuel con&imption; ;nd tha correlated
initial deadwoight fuel locds required for ache;lulgd op.arationa,.,_ axid ‘also with
certain mechanical esmplications not directly Snvolved in the' éémbusti.on and
power characteristics of the fuel, The machanical ccumfvl.icatio:n‘a‘am améially
revresented by excessive cormclén §nd _carboh‘ dﬁosiw ntiil '_i;fr_a‘vgﬁ.nng m prage

tice in the turbine engines of Jet alrcraft,

owa




o

1. Purnose of the Analysis,

Technical data and available intelligence are 6ormlated in this sorvey te
determine what might be a loglcal and advantageous program for the construction
of relatively simple and less extensive new refining apparatus in the IS8R, serye
ing for the attainment of high yields orf general petrolewnm diétill:xtes, A corre-
lation for this purnose is developed for direct comparison with the sn alysin of a
vrogram for high ratings as shown in ﬁart. I of this paper, The pertinent sperations
are therefore postulated for 1955 as in Part I, conforming to ident‘.ic‘al deling -
tions, assumptions and other considerations whe_rever applicaﬁlno
2, Basis of Study.

Residue coking is a typical refining fechnique for ultimate gggeml distillate

Yyields from natural petroleun. The coking ovrocess may be annlied 2o sliminate

the usual residual fuel oil, renla.cinp this 8tock. with fuel ga-, diatilla’w fuspl
41, and coke, Because the coker distiuate oil is in generad, una_id._tggble for
. .e’

ensing fuel or subssquent ¢racking, however, the coking process. is q:;gnomi_.ca{il. anly
under certain conditicns, In the case of ths USSR id is probable _'_ihat'them wenld
be more practlcable use for the residual mel 0il than tl-.ars uould buor wie cm»ar
—Drpnu_ctcg vmurealdnz or. mud rracking oi‘ cruda I'OSidu@ kotﬂm pz-obably v Fiie)

Spess ]

more suitablo o the Soviets for nracticable mtud.mun y:lelds ‘of dxstlllaﬂe ELOCK,

For a given conversion of residual charge visbrealdnp yields 198"‘ Process @as

eracking, It is noted, howevgr, that ox'_uy the usual {that 159, t.her_'mfa,,j_.) tyos of

visbreaking is involved in ‘the present analysis, ang the vishreayw éésoline would




e am . en

compared to thermal cracked gasoline, It is noted further that if thermal cracking
were eliminated altogether in the high distillate yield program, ‘t,‘ue Sovists would
probably obtain an. excessive production of the heavy gas oil dis’cilla‘r.w which
comorise distillate fuel oils. Thermal cracking would in consequence niohably be
correlated with the visbreaking in order to convert these heavier zas oils inte
more useful products with cracked gasoline and cracked kerosene especially included.
The -uermal cracking charge would then consist of the heavy gas oil divsillaten
produced by crude distillatdon, visb_reaking, and catalytic cracking,

The present hynothesis of a high distillate yield program is based umon utili-
zation of simpler and less extensive equipment., The basic premise would thus vre=
clude the comnlicated and elaborate equipment of catalytic refining, Dt;st.rucﬁive
eatalytic hydrogenation of crude residu«;ﬂ.s might otherwise be consi;derec_l in the
statuz of a cracking tachnique to ascomplish the resulis of the thormal nrocesuen

i
of visbreaking and true cracking, It 1s noted that by %his hydrogsnatica a® con-
pared to the thermal processes, there would be a practicable posaibility of more
comp‘;.ete conversion of the heavy stocks to lighter fractions, leaving a snallew
percentags of the final heavy residues, Further, there would be a nracticable
possibility of more effective gas recycling 30 as to result in alkyiation and other
polymerization reactions, ;;roducihg hydrocarbon liquids (I'oha; is; true "oiib")
generally wi ihin a diswillate boiling range, and in this :ashiaj- é;ibatanﬁiuuy ?on
ducing the potential process gas loss, Thus the hydrogenation could by applied
for higher relative yields of the diat:ulatasp

It i3 also noted that some intelligencs analysts have inférred active interest

> 92 =




on the 1;art of the So'viets in the destructive hydfogenation of=';mde residues.
Revorts have been cited which describe excellent results obtained with Soviet
*mazut" in the Berglus hydrogenation vlant at lsoehlen in‘ t.he Smr.tet one of Gere
many. The Soviets are also sald to be Sending j‘\;nior technq);;éj.s'bs f?r traix;m
ing in the Boehlen olant. In tk;e case of We_stern re;.‘in;ng -yaré;:{.;,ce, howevar,
destructive hydrogenation is nbt generally considem§ to be a;x-gcommica.uy du=
sirable as the usual cracking tet.:hni‘nnesq Milder forms o!;'_ca.‘l.'.‘:alytic'hydrorl,enétion
have had more important and more extensive auniicat.ioné in. the tynlcal natural
petrecleum refinery bractic_e » resulting in convers;ions move in,'l_mg catepory of re-
forming as comvared to cracking. Historically a mld form os-ggtgyuc hydrogene
atiom has served to produce technical iscoctane from 1sédbf;en§ goégxmrn More re-=
cer;tly there have been imortapt dew)elomzents in applyimv. aiq:l.yﬂ.]_,ar technique to
certain intermediats diati.ilates, causing quality imroveméﬁta;ix’_z ‘Jet and Diesel
: . .o o

fusls,

¥hils catalytic refining would not conform to the -hy-»othésis 3f sirple and
loss extansive aquipment, it is considered to be provable from the reu’kistjc stand=

noint that the Soviets will have at least all four of the Lend-Lease Houdry Cataly-

tiq cracking-reforming Systems, plue the four catalytic sulfuriec acid alkylation

units originally designed with these Lend-lease Houdry systens, in operation by

1955, Alkylation and other tyves of ‘gas vévgxfsibn _woﬁxld ac‘t'.ivx”_» \y:gerve to increase

the total distillate yield although the necessary equipment would be relatively

extensive and complex. With m.ﬁxbant_;l,pn of. the uorrelation
genation system already existing by 1950, hoWéﬁsh, no other catalytlc facilities
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are here postulated for the high distiliate Yyield program,
For comparative purnoses as previously stated, hynothetical 1955 cperations
upon a consistent basis are presently developed for the alternate high distillate

yield and high octane rating programs, Equipment and operations are assumed to be

~ the same in the alternate analyses for crude distillation and virgin naphtha

roforming, Adequate thermal reforming is assumed to be a nractiesble recuirement
in both programs, considering the characteristics of ihe virgin n:e.phthas as indie
cated for 1955, Compared to the estimated 1950 yields the larger percentage of
thermal reformed gasolihe would in part cmrmepsato for an overe-éll reduction in
gasoline quality dus to the presence of visbr'eaker‘ga:soline and the smalier r»ez;e
centage of thermal cracked atock. As finally vostulated the high distillate
Yield operation differs chiefly from the- high octane ratigg ﬂig;'aa'te in the vis-
breaking, reduced eitent of thermal eracking, and effective x;e:_i;icf_.ion of eataly- _
tic refining to what would meem to bs fairly certain to be px.'esgm“&w. o

3. Modernined Soviet Processing Balances for Hig

Sl’natulated for 19§§ 2.,

h General Distiliate Yields

Tellle 20, Anpendix B, is comoiled to show an estimate of a plansitle overesll

\

refinery operation for high distillate yields in the USSR in 195;._,_- This table is
daveloped upon a hasis as above ?l.nforreq %o be censistent v:l.t.l;.'t.vh.s.:.'sreaading Tablae
17 of Awendix B, where this preceding tabulation periains to t.ha (:eremondi.ng

or alternate operation using modernized éatalyt_lc enuipment .t'or'_t__x::L;;h octiane mﬁingo
Respectively c'orresnonding in & sinflar nander to Tables 18 and 19 of Anpendix B,
Tables 21. and 22, Appemdix B, further sumarj;ze whai might prav;!.i.. :in the high |
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distillate yield program in the utilization of refining installations carrisj oy
from 1950, with designation of the considerable additional eapacities required for
the 1955 balance, Tables 34 and 35, Awpendix B, relate to the derivation of cer=
tain data thus applied. The analyees and aznnotated tables for Part I are considered
to be suﬁ’:.cient to cover the develooments of the corresoonding tables for Part II,,
providing that note 1s madé of important excentions constitued by'tha visdreaking
and thermal cra.cld.ng yields shown in the tahles, Thermal cracld.ng units are hera
considered to be utilizable for thermal visbreaking without change in charye
capacitya It is noted that these charge rates could normally -be increased for the
mild cracking (that is, visbreaking).

The 1955 capacity relationshios given in Table 20 may be Surmarized as shown »
balow, with new capacities indicated relative to what;ie Supposed to have besn ex-
isting in 1950 and with the 1950 canacities carried over in total, By comparing
the following summary table with the similar one glven in Section 10 of vart I,
it ia seen that the refining capacity values are about the sume for the total re-
quired and total new by 1955, referring to the orudo distillation and total cone
7ersion apparatus thus developed for the hypothetical alternate plans as above
descrited, Whare more than a two-thirds portion of the new conversion aquipment
1: indicated to be catalytic in the high octane rating program, howevor,, more
than 95 percent of the new convorsion equipment is thermal in the nltematen
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Postulated 1955 Crude Production and Refining Capacities in the USSR
Plausible End Results If Program Is Adopted for High Dlstillate Yiclds
Indicating Capacities "New" Since 1950

Thousand Metric Tons ner Year

Cruds Production (1h,500 new) 52,000
Crude Distillation (17,L80 new) V ’ 62,400
Thermal reforming (4,107 new) ' 5,096
Thermal vivbreaking (3,297 former thermal cracking; 11,253 new) 17,550
Thermal cracking (none new’ » » 13,015
Total thermal conversion (3,297 modified; 18,360 new) 35,665
Houdry catalytic cracking and reformiﬁg {760 new) ' 1,51k
Catalytic alkylate product (95 new) . 185
Catalytic polymerization<hydrogenation product (none new) ... 8o
Total catalytic conversion (855 new) ) . X779
Total thermal conversion (3,297' modified; 18,360 naew) ' 45,68%
Total conversion (3,297 modified; »19,215 new) < 37,hk0

Annval. capacity ratiosm;

(2%

Crude preduction sapacity ' 1.000
Grude distillation capacity : ) 1,200
Thermal conversion capacity : L 0,686
Catalytic convespion capagity ' . v 0,034
Total conversion capacity | R

Table 23, Appendix B, shows the essential capaclty and oparaﬁéim relationships

kere matulatada in e analyses of the alternate or contx'astd.n TO grans for high
octana rating and high distillate yield, §

Lo Detall Data for Relative Plolds.

The hypothetical altamate programs fundamentally differ only in the visbredlt--
ing operation, the relative ys.elds by thermal crac!dnp, and the large reduction in
‘catalytic refining in the cass of high distillate ylelds, vart I of the nresent
survey pruvides comprehensive coverage of the technological nrinéiples apnlied to
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establish relative yialds in the high octane rating program., Tields and distribus
tions of virgin oil stock for qonvars’ior_l charge (-f:fecmvely piovi.de the Yasis of
both hypo‘thetical overations, however, and a similar status\provails in the esti-
mated operation for 1950 where the latter is summarized in Table 15, Appendix B,
Crude distillation opsra.ﬂonﬁ actually bear atrong 'innuen‘ce ‘upon the applicatian
of technological prineciples to determine the plausible yiéld by ﬁzermal and )
catalytic conversion. As a matter of convenience in further anélysis with speci-
fic reference to probable ylelds by visbreaking and crmldng, Tables 2k, 25, 56,
Appendix B, recanitulate the respective c;vwer=a11 cr@e still oﬁététiona in condensed
form, |

In the application of crude residus to a riven process of érac)d.ng with the
mild types of cracking called viabma.ld.x.lg included, th; relajbiv:.; jlelds of the
conversion distillates generally increase with an increase in the écntent of votene
tal gas oll distillates remaining in the crude residue, Hoavy gas bifs are mors:
refractory (that is, less nuscavtible. to ar#cking) than are the Light gas oila,
tillate or heavy gas oi) 1s an Mcated feature of S&?vlét reﬁ.ningin tre pro=
bable vacuum distillation of crude residue to prepara road oi,ls,_-t;ars, asphalts,
end possibly other residue bitumens £rom the stripped erude bottons,

Nevertheless, as inf;*red or discussed in Part X of this ;anpsr.,l ané as chown
in the three summasy Tablea 2k, 25, »26, various ower-all desrees of incomplete
crude residuun strivmipg appear in thé' ana.lysés of the tl;me &m'gal onerations,
The respective overwall crude residues msuit with cox;m:l.darable éua.’.lity as notential

—SolmCaRalul
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charge material for vistreaking and thermal cra.;c!d.ng due to t;he présence of nop=
mally recoverahle gas oils in the stocks with zporeciabld quantities of heavy
bottoms actually removed for asphalt and other residue producis, leaving only tho
equivalents of gas oils insofar as the residue products are removed. The dogreew
of incomplete stripoing are indicated by comparing the three sammary tables ';flth
Table 20, Appendix B, The latter table consists of a condensed':'vécaui_tulamon of
the data in Table 1l, Appendix B, Tables ih and 28 pertain to the virgin gas oil
charge stocks potentislly availabla for catalytic cracking, and-i'b least in the
cage of the potential charge for the Fluid process, the indicated gas oil yleld
probably represents the maximum practicably recoverable from the erude Wottoms.

It is entirely probable that thermal vishreaking is currenily employed to
somo extent in the true s;nae' in Soviet mfﬁing, and that the vislreaking would
likewise te a n&vﬂ.nal feature in the hypothetical high octann rau.vngboper:rhiong
Bub inasmuch as those eatimated existing and postulated future Soviet piactices
presumsbly involve vishtreaking in a minor status similarly as in the US, the vis-
breaking is not considered to bs of sufficient consequence t.oi warrant & separats
accounting in the over-sll anclyses of tho Soviet‘ onerations elﬁ‘zéi‘ for 1950 or
for high octene ratings in 1955, Wisvroaking is in cm;bréat to 'i'.hd.a 8 funda-
mantax process in the hypothestlioal SovletAoparation for hish disﬁilate yields, and
the plamusivle ylelds for hhu pfocqsa then rasolve fmm'the‘ t_x)iJ'.ing "ﬁpir_;t range
and other characteristics postul&ted for the cm;de rogidue charépo

Wiih 2 charge of 2 good quality short residuum such as iz iadiceted in Table
20, Appendix B, technical correlations infer typicn.i and plausibvie yieldy as fole

- 98 =
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lows if thermal visbreaking is applied to advance the conversion to optirwvn gagoe
line productiony

Flausiblo Visbreaking of Short Residium in the USSR
Conversion for Optimum Qasoline Production

Velght  Voluma o
Pergent Percent Lb/Gal 3/ Bnisle by

Coke and Gas Loss 5,75 6,25 e/ e/

Stable Visbreaker Gasoline 17.50 22,28 606 6,66
Visbreaker Gas 041 1,25 11;75 75308 711
Vistreaker Residual Fuel 0il 6550  59.7% Ba4i§ #.20
Short Residuun Charge - 100,00 100,00 771 6,81

a8, Pounds per gallon.
bs Barrels per matric ton,
o Data not applicavle.

In Tatle 20 the actual available erude residuan for viebreaker charpe is more
than half g long residuum stocfcs and the long resid containé ésééntianyA all of
the gas o} in the crude althougil this g;.é -611 is of l.low quality heavy ‘i;yne;,
18 latter notential gas oil i3 hers considered to conatituﬁ a chargn \:om sul e
able for vistreaking, as compared to a charge for 'tms oracking 4¢ 1t vere'sparated
from the bottoms, Reasonably plausible techmisad Yields are thsmfopa davelopsd
ot & process of visbreaking applied to a charge of ths total avaﬂable cruds
residuun with the short resi@mm included, assuming th it empnmg”isi wlaced won
the general yield of diaﬁl.llaws pnthar .tl~1an gasoline alone,

It is pro®able in this latter ca;se thaﬁ the ha;'-tvy"gna oil port;ﬁ.on. of the
charge will be predominantly canv_grted ‘t;o heavy naphtha distillates boiling bee
twoon gasoline and heavier gas oil, It is further probable that whxle thu caloe
.a.nd gﬁs loss will represent a weight eercentage in the same order of mugnitude as




with the shord reéidmxm alone; the net volumetric expansion will result in a total

liquid product volume very little less than the volum? of the charge stock. The .

| ,
somposite visbreaking yleld percentages are as summarized belew and appiied in

Table 20,
B Probable Visbrealidng of Crude Residuum in the USSR
1955 Operation for High MAstillate Tield '

Pemeest Femeat mfosts/ F/me y
Coke and Qas Loss 500 OaSI af 74
Stable Visbreaker Gasoline 15,0 :!.805l , 603k 8,28
Hoavy Vistreaker Naphtha Distillates 34,0 3800‘ 7.00 750
Visbreaker Gas o1 6o 6 7,62 871
Vistreaker Residual Fusl 0il © W00 37.0 8;345‘ .21

Crude Residuum Charge 00,0 .100,0 'L,B? 8,71

® Pounds per gallon.
bo  Barmels per motric tono
6z Data mot apnlicabie,

?‘or the dewvelomment of plausible thermal cracking :doldn; feuolveg Lundamentall;
usen the baols of tho constitution of charge s’r;oék simllarly as for visbreaking,
the critical data far the con;titnt&on of charge stock ara as shown in Table 29,
Appendin B  The ertiieal data are thus summarized in tabuiar i‘om, and the data
esagceially iudicate the relative extents to which crude bottoms are eliminated
from the virgin oils charged té the t.hemgl_ci-acxdng, raferring @Q the ennual

oparaticns as designated,

Reduction in the refractory character of the charge|remilts by eliminating
refractory crude bottoms from the total straight run stock ch;rgg.f&‘.to thermal
craclddng, and this is a factor in deriving plauaible thermal ¢ racking yields,

= 100 »
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Catalytic gas oll 1s only slightly, if any, more refract
virgin oll, Visbreaker gas oll 4ig,however, considerahly

same basis, The relative data in Table 29 indicate that

charge in the 1950 estimate has overeall cracking charac

ory than the corresvonding
more refractory upen tha
the thermal crackirg

teristics no more than

equivalent, 1f not inferior, to those in the thermal cracking chérge for high

distillate ylelds in 1955, The corresponding cracking cl

be 'degraded relative to these two annual charges in the

haractoristics appysr to

Lhermal crscking charge

for high octane ratings in 1955, Plausible thermal craclcng yields are sccord=

ingly derived and aoplied as summarized in Table 30, Anpendix Vo Shermal eracke

ing ylelds are for convenience shown to be commarable in

the 1990 estimats and

in the postulate for high distillate ylelds in 1955, The degradation of the

ovar<iall charge 1s refleeted in the corresnonding thermal
in the postulate for high oetums ratings in 1955,

So Poseiible Potentlals in Finished Distillate Hlends,

Similarly a8 explained in cumegtiom with the hiph o

tional gasoline blend stoeks mxy be involved if finfiahed

1 ¢ raciring . yieilds applisd

ptane rating enalysis, addio

gasoline blends are pre~

pared from the gasoline derivasives shown in the high distillate yield analysis,

As explained in the prejious analysis, the inclusion of finished gasoline blends

would probably cause little obange in the genoral cmqwaurisonq here developed bae

tveon the onerations estimated for 1950 and the overations indieated in ths hyno=

thetical sonstruction programs, @n the high distfllate 3
stock production represents a crude percentage neagly th
1950 estimate and much loss than that in the high odtans

m‘m -

rield annlysi the gascline

)
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esame as thes one in the

rating progran. As
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inferred by the original hypotheses and in contrast to the high octana rating
program, the high distillate yleld operation is shown to cause very litils change
in the high octane avgas stocks production commared to 1950 in berums of nevcsniusges
of the crude. In the high distillate yleld plan and the 1950 estinate the gasgo-
line productions differ chiefly because the i';hermal reformed‘ angd visbreaker gauge
lines of the hyvothetical plan replace aAome of the straight runand thermsl cracked
gasolines of 1950.

A sa)ient feature of the high dlstillate ﬁezd oneration 1a in the larger ver-
centage productions and therefore quantﬂaﬁve produ?:tions of the_ .various ERA
commonly classified as intermediate’ and sometimes heavy d.iStillatgs: these dis.
tillates are the "intermodiatea” (heavy napnthas aud :u.gﬁt. gsu.;;:ins) which pre-
sumably have mm over—ail distillation end point in the order of !650‘9Fo But dua
%o the increased use of virgin naohtha for thermal reforming in th.’ high cotang
rating and hiﬁh distillate yield programs, the strazlzht ron dmuma sutk an
karossnes and Dieaal oila are consideratly decreased emong t}m‘ Qiéx;#hna&la:bea.,m
compared ta 1950 1p terms of permuageé of the crude. mmai"@;inaxer diso
tillates decount for the net increase in t.he» total "‘lnbemdinten"in the high
distille. te ylel progreme

Refarring to finzl or fimished produgts it is convendent to classify the total
virgin and conversion "mtarm«;intes“ within four general nétagomga, t%xuae
izerosenes and other stoem' for direct heating sad 11lumination é@oées; iseroe

senes and other otocks for "racter fuel” (l.es, fuel for 1owei comprezsica spark-

~

igniticn reciorozating engines); stoeks for Diessl. fval (1000, fuel for compression-
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ignition rociprocating engines)s and kerosenes and other st)ccks for jet fuel

(ic60, fuel for jet or turbine engines in atreraft), While the available data

are far from adequate for estimating the octane ratings, cetené ratings, flame
characteristics, and other vhysical and chemical properties .of' the "intermediates® -
obtainatle from Soviet crudes; the lack of this 1nfom'zt.ion is not necessarily
critical in the present study.

Althoug?a there may be more or less loss in the engine efficiency in dolng 50,
1t 18 stil) possible to design and operate the various interpel combustion enginas
S0 as to utilize most ™ntermediates® as fuel if it is assumed tﬁat the *intermediatent
hava the range of distillation and quality characteristics normaﬁ!.ly prevailing
for them; Thus ths commression ratio may be reduced in the s;;axk;ignititnn b A
sinrocating engines so as to be swtahle for low octane ratings; operating condi-
tiox:%e eatablished and the speed reduced in Ma§e1 engines so as. to b mutable
for low cetene ratings; Aand Jet engines have been derv\aloped -to' utinze eracked
kerosenso ©s well as stealght run btogk, within a range of écecificauor:; flaxibls
enough to allow more than half of the typleal crude to be processed und converted
to the specified fuel, Jot fuel spgcii‘i‘c_atima afe subjast to rapi.ﬁ oxparimental
develonment and change outside of the Soviet Bloc, and this at.atus-ﬁroba'\bly ke~
wise frevails within the Hles, |

It 38 important to nete that while jof fuels potentially eénseigﬁte a muh
greater perventage yield fr;'m the crude as com;md to possille yields of suite
ab1:o aviation gasolines, .and further provide for greater travel ;ueed in alreraft

[

a3 commared %o gasolines for reciprecating engines, ‘Jet fusis are nevertheloss

1032 ‘i
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by no msans at present indicated to be universal engine fuels replacing zasolinas
even in aireraft, Jet jxlanes are 1imited o high speed sexrvico Signisivant ‘
1imiting factors are further connected with the relatiwve fuel sonsumptions and Lhe
correlated initial deadwelght fuel loads required for schedulesd.. operntions, anc
also with certain mechanical complications not directly involved in the combuse
tion and power charactbrlatics of the fuel, The mechanical conplif::aticns are

sspecially represented by excessive gorrosion and carbon deposits still pre=

wling in prectice in the wurbing enzines of jet airarafte

A3
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IIL, Future Petroleum Refining for Intermediate Results,

Summary,

Plausible New Refinsry Construction for Intermediata Results,

Practicable extremes for tha Soviets were postulated in tine proceding analyses
oi_‘ two hypothatical future refining programs, respectively comprising alternats
and contrasting schemee for high octane ratings and high genor"al distillate ylolds,
It 1s quite nossible that a moreAreaJJ.stic course would be intermediate hetwaen
these extremes, and it is further plausible that the Soviets wéuld cbtaln optinum
Tesults for their requirements by means of the intermediate course, An intere
madiate program would be at least more probablé, and the prqaanf BUrvay covers
what 1s considered to be a logical hypothesis with reaspect to an intermediats plan,
The intermediate plan 1s develoved as a program more nearly re'sembling the
general schedule for high distillate yields as compared to the o.t.hert'x axtyema,
Upon an over-all basis the interwsdiate program essentially differs i'rgm the high
distillate yield schedule only im a reduction of visbreaking cﬁa_rgo, zn increaso
in the thermal cracking charge, and a small increase in catalytic conversion cémcit:yi
| ForA comparative purposes the ipterntediaw vrogran is nostul;ated to be completed

and onerating in 1955, similurly as for the alternate extremes, . With exceptians

&3 presently noted, this third hynothstical program is basad .ub';"z' spacific defini-

tions and a@sumptioms éoi;ﬁépondipg 17} thoﬁag aaapliéd for the altemata extremas,
In total the three hypothetical 1955 refinery systams m;& 'operd’t‘aon'a ave calcus
lated to be the same with rospect to cruds’distillation, ..‘,hen;m'..!'.._.x;'g'foming, and
p?;lyzwr;l.zation-hydro.genatiom : 'I‘he x‘esr»octi\;o _Wwanes t“or intamediate results

e 108 -
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and for high distillate yields each omit, however; the Krasnovodsk cabalytiz
polymerization unit and the Fluld Catalytic Cracking facllities e the ligh one
tane rating nlan, With regard to the catalytic craciking postﬁlated fur the high
octane ratings; the high distillate yield program includes only the four lend-
lease Houdry systems whereas the intermediate plan invblves im additicn the oiher
three Boudry systems assumed in the high ocr.ax;e rating wostulate. A separats
catalytic sulfuric acid alkylation unit is assumed to bo‘ corralated witlh sach
Houdry system. Ths total thermal eracking charges are nearly equal in the plans
for intermediate rqsult.s and for high octz;ne ratings, .
The following table summarized the basic comparative data for the three hyoo-

thetical operations.

&
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Postulated Operations in 1955

Charge Stocks in High Octane Rating,
Righ Distillate Yield,

and Intermediate Oparations

Thovsand #atric Tons
1. Altermate Operations
fgh “High )
Cotone Distillate Intermadiaide
Rating __ Weld ~ _ Program

Virgin Gas Oil , .
Charge to Fluld Catalytic Cracking 10,715 ¢ 0
Charge to Houdry Catalytie Cracking 2,680 1,50k 2,65%
Charge (Totsl Charge) to Catalytie Cracking 12,870 1,51k | 2,65
Thermal Cracking Charge ' —9 % ) Mﬁ
Total Production ) 12,870 12,870 12,870

- Crude Residuun

Long Hesiduun to Tharvial Cracking 5,850 o 5,850
Short Rasiduum to Thermal Cracking 3&@ ——l —l
Thermal Cracking Charge 1,600 - 0 5,850
Fusl 0i1 Product (Low Quadity long Residuws) 3,50 0 o
Long Residuwm fe Thermel Vistroaking 0 5,850 ° " 0
Short Residuum to Thermal Visbreaking ' 0 - 7,800 7,800
Low uality Long Reaiduua to Thermal Vistrealking 9 350 3,900
Total Production 17,500 . 17,550 17,550

Charge (Total Charge) to Tharmal Vistwoaldug 0 37,95 13,740

Thermal Craclking c%
Fluid Catalytic 0as Oil

(X

1,%

Houdpy Cataliytic Gas 641 050
Catzlytic Oas 011 (Total) 1,050
Virgin Gas Oi1 10,716
Vistreakor Gas Oil 1,170 -
Crude Residunm ‘ 5.850
Total Charge : 18,368 13,8 18,298

= JO7
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mostulated Operatione in 195%

Charge Stocks.in High Octane Rating,
High Distillate Yieid,

and Intermediate Oporations

(Continued)
Thousand, Hatric Tons
Altsrnate Opera%ions
. “gh Righ
Ootane Diatillate Intermediata
Rating Yield Frogram
Catalytic Aliylation Charge .
To Units with Fluid Systams 1,75 [+} 0
To Units with Houdry Systems 1,89 276 189
. Total Charge 2,25 276 89

‘the following table provides a summary of the USSR refining sapacitles by typea,
estimated or assumed as sbove stated with referencs to the program for intermediate re-
sults, BHere the capacity ratings are of charge stoocks except that they are showm in

terms of product for tho gas reveralon and isooctane syustemso

&
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Estimated and Postulated Refining Cavacities in the USSR
Data for Intermediate Program in 1955

Thousand Metric Tonu per Year

Gapm:l.fy
Estimated Postulated Fostulated

: Existing in  "New" by Total
Typs of Facility ~Ags0 2958 1955
Cruds Distillation W,920 17,480 62,00
Thermal Reforming 989 107 5,096
Thermal Vistreaking 0 - 11,700 11,700
Thermal Carcking : 16,012 1,98 18,296
Total Thermal Converaion | 17,301 17,791 35,092
Boudry Catalytic Cracking a/ 790 1,900 2,68
Alkylate Productdon b/ 9% 2j8 328
Isoottane Production ¢/ 8o o 80
Total Catdlytic Conversion , T 92k 2,138 3,062

Total Conversion 18,225 19,929 38,185

a, Houdry units Include supplementary catalytic roformings
b, ‘Catalytic gas reversion, »
Co Catalytic gas reversion plus catalytic reforming,

Simdlarly as in the analyses of the lind.ting’ or alternate vrograns the forec

L2

going USSR duta may be comparad with the 1950 US status as followas

wl@?o
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Capacity Ratio Comparison for 1955 Intermediate Program '

~ReTative Welght Riting

_Ammuall Basis
mw . '
Fstimated —Wostvatad
Existing -Lox’ us,
Type of Capacity 1950 L1955 1950
Cruds Production : 1000 2,000  1.000
Crude Distillation 1,198 - 1,200 1.192
Thermal Conversion a/ : CO0l6L 7 0,678 0,395
B e ¢
Catalytic Conversion 0,025 .- 0,059 0,316
Total Conversion ' 0.486 ."33-5::', 0,734 0.1

32 Lonslets of Telorning, vistredking, crackig, and Tn The THotace of T T8,
also some minor capasity for thermal gas reversion, But whare the capacity fag-

tor 18 not very significant for visbreaking in the US, the. correspanding factor
1z a ratio of 0,225 as here defined in this postulate for the

o

The following table shows the geographic d:!,str:l.but.ion of the hypothrtical

USSR eapacities for intermediate resultss
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Postulated Capacity Data for 1955 in the USSR
Intermediate Program

Thousand Metric Tons per Tear

Southwestarn
Southwestern  Furepean
E\}Rz:;;g:l; gg:ﬁ:’ Nﬁrthem Soviet
Soviat Central Europcan Far Mnor Total
Caucasus Agia JRussia East ~ Sitss USSR
1950 Crude Production 20,400 11,000 19,600 1,,006 0 53,000
Estimated for 1950 28,850 5,560 8,765 1,280 5 14,920
Added "Now" 0 2210 W0 0 .0 AR
1955 Crude Distillation 28,850 8,830 22,975 1,280 uss  62,h00
Estimated for 1950 0 218 7 ¢ 0 389
Added "Newn 060  _ 35h 2,60 52 .0 o
1955 Thermal Reforming 1,061 572 3.h11 52 0 5,096
Estimated for 1950 0 ] ) ‘0 0 ¢
Added “New® L,080 22,200 5220 200 0 I} ﬂ‘(i)
1955 Thermal. Vistrealting L,080 2,200 5,220 200 2 11,700
Estimated for 1950 6,086 3,7 6,032 L7k 0 16,312
Added "Newn 2 .0 nmm 0 o0 _1.98
1955 Thermal. Cracking 6,355 3,7 . T,mS Wb 0 18,296
Estimated for 1950 0 75h ® ) 0 TSk
Added *New® ¥0 380 760 ) 0 190
1955 Catalyiie Cracking &/ 760 1,13 - % 0 0 2,68
Estimated for 1950 (4] 69 o .0 0 14
Addod "New® .9 . 9¢ o 9 235
1955 Aliylate Production 9% Sk i 0 0 328
Estimated for 1950 0 o ' 80 ) o %
Added "Hew® oy __0 0 0 0 ¢
1955 Isooctane Froduction 0 ‘ o . 80 0 0 8o

O Oy Uy T 1Y e Ay ER A YT TOLOrAIY,
b, Soviet Caucasus codimer polymer contributes to isooctmogo

Uy
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Product Yield Potentlials in Intermediate Propgrum.

The following table summarizes the compariscn of yleld notentizls far Sovish
refining, referring to the eatimated over-all overations in 1950 dnd the ovor-ail
hypothetical operation for intermediate results in 1955, In direct corresvondence
to the nreceding analyses for the vracticable limiting vrograms, the basis of this

table involves gross ylelds at the refining wnits as develonsd from an initial charge

of the estimatsd total Soviet crude production,

*
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Gross Yields in Soviet Refining

1950 Operation Versus the

Operation for Intermediate Results in 1955

Thonrand  Motric Tons

Piocessing

Oross Parcent

Held  Crude
¥otor ' ’ 2,721 726
Aviation a/# 1,018 32135
Total Straight Run Base 3,739 9.97
Tharmal Reformed Base T2 1.93
Total Bass from Virgin Naphtha L1463 11,90
Motor 23 0,06
Aviation 186 '
Total Catalytic Cracked Base 209 0,56
Isapentane —20 239_5
Total by Catalytic Cracking 22§ 0,61 :
Thermal Visbreaker Base 0 0,09 -
Thermal Cracked Base _ 5,116 15,40
Total by Vistroaking and Cracking 6,005 14,00 |
Aklylation Blend Stock b/ k2 0013
Motor 8
Aviaticn = 0.22
Total Alkylate 8 0.2L
Isoostane gf ' ]
Total Gas Reversion Hlend Stock d/- 169 0a2h

Petimated 1950

Total Stable Gasoline Base and Elend Stocks 10,679

Thermal Vishreaker
Thormal Cracked

Total by Thermal Visbreaking and Cracking

Straight Run
Total Intermediate

Ll
&t% °

Distillates

o
>
3

# Foototes follow on page 116,

213 =

0.50 '

0,02

Onal‘r» o

2895‘
0.0

2,8

2.8 -

21,0
25,8

THypothetical 1058
Intermediale Program

Processing
Groa'n Porcent
Held  Crude
1,593 3.06

4137 219
2,730 5,25
2030 (2374

. 6,460 1242

82 0,16

73 Lh3

-2 Q.13
- @e 1,56
1,580 3.04
8,869 37006
152, 0,29

513 0,06

.28 0:63
" 108 0,78
30,6<
g6 s
3,821 7.l
-10,3k0 19,5
13,561 26.9 .

(Continued .on next page)
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Oross Yields in Soviet Refining

1950 Oneration Versus the
Operation for Intermediate Results in 1955

(Continusd)
' Ttwﬁsand Metric Tons
Estimated 1950 wmg;iﬁoym :
Progessing Proceasing

Grbﬁa Pereant .. QOroso Percent

Lo Tield  Crude. - Meld Crude

Tubes, Speciality Residuals 2,778 7ok 2,730 5.2
Thermal Visbraaker 0 0,00 5,616 10,80
Thermal Cracked 1,36L 1960 8,200 15,90
Total by Thermal Vistreaking and Cracking 7,36k 1.906&." 13,886 26,70
Thermal Reformed o1 026 500 _0:96
Total by Thermal Conversion 7,611 19.90 1,386 27.66
Catalyttc Polyner 3/ % om0 ou
Total Conversion Residual 'fgb'fs 19,93 . 1,036 27.76
Straight Ru Residual M8 2053  ___©. 0,00
Total Residual Fuel 041 11,k23 30.5= . 1h,L36 22,1

Iver-all Process Loss 2,91 7.8 . L98h 9.6

Gross Produsts Me5% . 922 | kp06 9.4

Total Crude Charge £/ 37,500 1000 - 52,000 100.0
Thsrual Vistreaker Base o 3.04
Thermsl. Creaed Base - 578, 18,46
Totel by Thermal Vistreaking md Craciing 5,776 15.50

Thermal Reformed Bawes | 2 7.3
Thermsl Conversion Base 6_,50b 22,67
Catalytic Cracked Bass - ___2__02 ‘ ..32.!.'2.
Total Conversion Base 6,709 21.;39'
Straight Run Buse 3,79 ;2
Total Statle Gaseline Base Stocks 10,48 29.35

Bmﬂ

(continuad on next nage)
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Oross Yields in Soviet Refining

1950 Operation Versus the :
Operation for Intermediate Results in 1955

{Continuad)

Thousand Metric Tons

Catalytic Cracking Isopentane

Gas Reversion Blend Stock d/

Direct Catalytic Conversion Blend Stock

Allglation Blend Stock d_/ .
Total Stable Gasoline Blend Stocks
Thermal Conversion Base

Catalytic Cracked Base

Total Conversion Motor Bage
Straight Run Motor Base

Total Notor Base

Motor Alkylate

Alkylation Blend Stock b/

Total Stable Motor Gasoline Base and
Blend Stocks .

Catalytic Crasked Base

Straight Run Aviation Base s/

Total Aviation Bage

Aviation Alkylate

Iscoctane ¢/

Catalytic Cracking Isonewtane

Total Stable Aviation dasoli.ne Base and
Blend Stocks

= 1185

Hypothetical 1955

Estimated 1950 Intermediate Progran

Procoasing Processing
Gross Percont Gross Percant,
Held Crude Yield Cruds

20 0,05 69 0,13

189 0,50 u7? .91

L2 0.11 152 0029

23 0061 629 226
6,500 1733 11,787 22,67
6,523 17,39 10,869 22,83
2,721 726 1,593 3,06
9,22 24,65 13,462 25.89

8 0@ - @ 0.6
o

9,2 T8 W6k 26,2
18 0,08 = 661 .27
L200 3.21 1,798 3.16

a1 0,22 - 297 0.57

80 0.2 . 80 0,15
1,388 3.69  2,2h), 4032

(Continued on next page)




Gross Yields in Soviet Refining

1950 Operation Wersus the
Operation for Intermediate Results in 1555
(Continued)

& Potential Virein naphthenis Stocks. These potential SieTds STy TRsTi
excesses over the quantities utilizable with other available avgas stocks in the final
avgas blends, . .
be Excess charge stock to alkylation, essentially consisting ot; excess butanes;
stock derived by crude ﬁjactionation, refoﬁning, eracking, and visbreaking,

Co Derived by hydrogenation of codimer polymer.

do In part as renresented in isooctane.

€o Produced in the supplementary catalytic réfoming stage in {ch_e Houdry Catalytic
Cracking systems. _ o o '
£, Later estimates have indicated a total 1950 production vilue of nearer 38,0
million metric tons for Soviet crude oil 3

23
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Possible Potentials in Finishaed Product Blends,

As previously explained or inferred in the present survey, ».t}hé 1955 overations
for all three hynothetical programs show only tba potentiels .1‘61- base snd bloud
astocks, No direct accoumting is made of balances for the probatle finished pro=
duct blends or of the relaﬂvely small amounts of additional hydrocarbon stocks
possibly rsquired for some of tha‘ finished products, especially of the gasolkine and
other distillate types. But again in accordance with previ‘ous discussiona and
correlations in this survey, the lack of this accounting probably has insignificant
effect upon the generalized comparisons and intrinsic evaluati,dn? ‘obf the potentlials.
The present or intermediate pmym is directly derived rrom_ ﬁhe limiting or ex~
treme plans, and since the potentials of the intermed.iatg omraﬁ;qns are .therei‘ore »
sumariz-d and oxplained by means of the presediny Summary developments and comparas

tive (i.e., corresponding) tables, further discussion is here emltted as MMNeCHSSArY..

1. Purpose of the Analysis, o N

Tpehnical data and available inwuigencé are correlated hthis sbmy to date:
mine what mlght be a logical and possible optin‘lum progeem th ‘iconatmct.ion of nm:'
refining 2uparatus in the USSR, 30 @ to qtt%in_ goals intermediate bhetweun the practd-

cable liniting schedules respectively analyzed in Parts I end IX f the present papry .

A correlation fox; this purpose is davelcwed for d::l._rect‘ comp_ar;_ o
Part T which relate to high octane raginga, snd also the dsta in Part IT which relats
. to high gensral distillate yields. The pertinent opérationsb.a.ref}wher;!om postulatéa v
for 1955 us in Parts I and II, cqnfbm’d\._né to idenbical deﬁnitiona ,-a8sunptions, z;nd‘

other considerations wherever applicatle,

e 117 =
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2, Basis of smﬂo

.

The intermediate USSR refining program is constituted by various features wiih
certaln modifications, contained in the developmonts of Parts I and II ol this
paper. The plan for intermediate resulis mors nearly reaembles_ i';he praciicable
extreme for high distillate ylelds as postulated in Pact II,» in comparieon to ths
alternate extrems for high octane ratings as postulsted in Part I;, The develoonents
of Paris I and II ¢over the t.heore.tical and e;mera.l:'-.zed economic 'aspect}s nf the ze=
fining techniques thus selected for intermediate results, Uoon an over-2ll basis
the intermediate plan essentially differs from the high distillate yleld schedule in
three features only, consisting of & re;xuccion in visbreaking charge, an increase in
thermal cracking ch;'mge, and a émall ir;crease in eatal tic ednvéré.én cavagity.

In total the three hypothotical future refining progams ars _oéxéulatea to te
the same with respect to crude distill,ation, f..herma:!.. éé:o‘mihg,s and :z)ol'yx;?az'i.zatd.onea
hydrogunstion. "l'he respective hypotheses for intermsdiate 'result‘g ‘and 1::,:- high dise
tillate ylelds eash omity, however, the Krasnovodsk cat;alytic polyﬁwrimbf—.on unit and
the Fluid Catalytic Cracking facilitirs of the mgh cctane rating plan. Vith regard
to catalytis cracking postulated for the high cctane ratings, the high distillae

whereas he intermadiate plan involves in addition the other thres Homiry sysiems
yield progran includes only the four end-loaso Houdry system/pgétuldwd for kigh

egtans ratings., A uaparéte catalytie sulfuric acid alkylation unif.‘_ 1s aysumsd %o bhe

correlated with each Houdry systeme The total thermal'cracking c arges are neerly

equal in the plans for intermediate results and for high ectane ratingse

»

In the intermadiate plan as compared to the practicable limiting schecule for

high distillate ydelds, the reduced vishbresking and incressed trus thermal cracking

=118 -
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serve to increase the quality ratings and relative yields; of gasolines: there is &
correlated décrease in the total yield of liquid distillate stocks by rssson of this
increase in the over-all degree of conversion, Similar sesulis develop Lrom the
corresponding small increase in satalytic conversion. The intcimediate 'r‘zz;ogram
includes catalytic conversion fapilitiea where such constructlons are bsliowed to ta
very probable in the immediate future in the USSR,

3, Modernized Soviet Processing Balances for Intermediate Results

{Postulated for 1955).

Table 31, Appendix B, i3 compiled to show an ssiimats of a plaueible cwereail
refinery operation for intermediate results in 1955, This ta.: Je is develoved upon a
basis as zbove inferred, so as to be conslstent with ths preceding Tables 17 and 20
of Appondix B, respectively pertalning to ths alternate practicable limising schedule :
for hMgh octane ratings and for high general distillate ylelds. Bssnec*;.imly corres-
ponding in a similar manner to Tables iB and 19 which are ;ormi_lnf.ed wit;h Table 17
in Appendix B, and to Tables 21 and 22 which are comiated wif.h T;ble &0 in the sax
Appendix, Tables 32 and 33, Anpendix B, furthep s;xnmmri;e' what Vurl'g.h_t prevadl in S
intermediate progrmam in the utilization of refinin-z .’mstalla.t.iqm;a carriad over from
1950, with designation of the considerable additional capacities r;eq';:imd for the
1955 balance, ahles 3 and 3%, Aﬁp;endix B, relate to the derivaﬂm of cordain date

;hua applied, The asalyses and annotated Tebles for Pairts T deIaro considered .

to be sufificient to cover the developmenté of the corresnonding té.bles for Pert IXI,

providing that note is made of imporitant exceptions constituted by the wistreaking

- -and thormnal cracking ylelds shown in the tables.

an9n




The 1955 capacity relationships given in Table 31 may be summarized as shown hge
low, vith new canacities indicated relative to what is supposed to have .o oxiye
ting in 1950 and with the 1950 capacities carried over in total, By ;:omu:wing the
following summary table with the Simila.r t;ables given in Section 10 of Pary I, and
in Se¢ction IIT of Part, IX; it i3 seen that the refining ecupacity values am about the
same for the total required and total new by 1955, raferring t;a the oruds distiila-

tlon and total conversion epparatus thus develeped for t.ie three hynotheiiacal plans.

The three plans essentlally differ in tha types of conversion anparatua 23 indicated,

(2
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Fostulated 1955 Crude Production and Refining Capacities in the USSR
Plausible End Resulus jf Intermediate Program Ys Adopted
01l Quantities in Thousands of Metric Tuns Per Year
Indicating Capacities "New® Sincs 1950

Crude Produstion (14,500 new) . 52,000

Crude Distillation (17,480 new). ' C 62,400
Thermal reforming (4,107 new) ‘ f 5,096
Thermal visbreaking (all new) o o ¥1,.700
Thermal cracking (1,98L now) | 18,296
Total. thermal conversion (17,79) now) ’ 35,092
Houdry catalytic craclking and reforming (1,900 naw) A 2,654
Catalytic alkylato product (283 new) = : 328
Catalytic polymrizatimmydx‘ogenaﬁion produst (none new) . ___§2
Total catalytle conversion (2,138 new) . o 3,052
Totul tharmal conversion (17,791 now) - 35,092
Total conversien (19,929 mow) . - 38,150

Annual eapecity raties:

Crude production capacity o 1,000
Crude distillation capa'o.tty . : 1,200
Thermal conwersion capacity o 0,875
Catalytic cemversion capacity : S 2,059
Total converslon capieity ' ' , 0,734

el e




Tables 23, Appendix B, shows the easential capaclty and operation relsationships
here postulated in the three hypothetical future refining programso'

L; Detail Data for Reolatlive Yields.

The analyses of Parts I and XX of the presentv Qurvey cover the relative yields
applied in Part III, excepting the ylelds in vistreaking and thermal cracking, Tae
analyéi.s of Part II correlates visbreaking and thermal cracikding y:!.;alda Iy usa of
sumary data in Tables 2, 25, 26, 28, and 29, Apoendix B, The latter tables moy bé
spplied to develop similar yields for Par{ IIX if the summary »dar.tv:.t of Table 27,
Aopendix B, are also considered, N

By comparing the swmary data in Tables 2l .35, 26, and 28 i.t i..r.s indicated thag
the over-all vistredcing charge in Table 3L for Part ITI, i.e., in @a schodule for
intermadlate results in 1955, i3 more predominently crude bottoms as comparad to the
corresponding visbreaking charge in Table 20 for Part II, 1.6.; in the achedule for
high general distillate ylelds in 1955,  Technical principles are thereftio anoiied
to develop the Part ITI visbreaking yields as showwm below and as a}pplﬂml in Talle 3. -

This vistreaking operation is less efficient as empared te that in Tatle 20 (of.

the vishroaiding data and yield tables in Sectdon key Part )

122 o
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Probatlle Vistwealdng of Crude Residuim in the USSR
1955 Operation for Intermediats Results

Welght — Volwms

Porcont FPercent [Lb/Gal g/ BbL/ts b/

Goko and Oss Loss %0 0.5 s/ sf

Stable Vistreaker Gasoline 13,5 16,5 6039 8022
Boavy Vistreaker Naphtha Distillates 22,5 250 7,02 7oh8
Vishreaker Gas 011 10,0 20,0 7.8 6,73
Vistreaier Residual Fuel 011 48,0 450  8.32 6033
Crude Residuum Charge 00,0  200,0 7480 6,73
@, Poudp per. gallcas —

Do Barrels per metric ton, ‘ .
Co Data nmot zoolicablo, .

&
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Sl CoBaule
+ Tae summary data of Table 29 'may b8 thex;x epplied to correlate the plausivle ther-

mal cracking ylelds shown in Anpbndix B tables, i.e., in Table 15 for the estimated
1950 operatian in Table 17 for the hypothetical 1955 high octane rating oseration,

in Table 20 for the hypathetical) 1955 high distillate ¥ield operation, and in Table
_ 51 for tha hypothotical 1955 intermediate opefauouz Table gé ingi'camsinan tha
‘ thermal cracking charge in the 1950 estimate is posaibly supsrior k.mt 8ti1l ressonabil;:
equivalent to that in the 1959 hypothe‘siu for interx.nadiate results, Thormal cz‘racking
yieldsb ars for convenience shown to be camparable in the 1950 estimats and in the
postulate for intermediate results in 1955 (cf. Tables 30 and 31, Apponciix B)o

So Resnibls Fotentials in Fintshed Product Blaws,

As previously explained or inferred in the nmqnt surve&, It.hle 1955 ouerations
for a0 three hypothetical prograns show only th# potentials for base and blemd stock
No direct accounting is made of balances for the pmbablo t:lnishod produc? blerds

@ of the relatively small amounts of additional hydrocarbon ﬂtookn Md:lbly res
quired for some of ths finished products, especially of the ga_sann'g and -other dige

tillate types, But again in accordance with prewious di.scussi’onijnd carrelatima

in ihis survey, the lack of this account.ing probably has :lnsignifioant effact updn

the generalized comparisons and intrinsie evaluations of tha potential‘ao Ths proe
Sent or intermediate program is di ectly derived from the Iimiﬁng for S piang,
and since the potentials of the intermediate aperations are therefora summarised

and explained by means of the precadir_xg sumrary developmants and_"'é@arat.iw (1(-309

corresnonding) tables, further discussion is here omitted as unngbemu'y;
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Juantity of crude naving a content off straipht run gavoline in practiceble
pereentaze, with this gasolins suitable for avgas vass shocks
Quantity of stabiiized straight run gasoline practicabty
ontainavie from the crude, with this tasoline suitable for avgas buse stock.

: \
The vase stock 18 assumed to have 300 OF E.P. (Engler} and 70«72 ON (motor, «isar)
Distributiva ceaters for she inland movement of oil stock from the Black Sea,
Minos Ukraine and Crimea Regions are respoctive‘ly to the north and soauth.
Cherge stocks are indicated to be mostly imported and largsly camposed «f oiln )
for convarsion charge {crude residus, heavy navhtha, and gaa: 0il). Orvgin of
imparted charge ts pro"ndbly in producing regions to the sast ‘in ‘the USSR, in
the Caucasus and elsewhere; origin also indicated in Rumania and pogsibly vcher
Buronean Sate]iites.

[N

Oii distritution centers on the eastern cosst of the Black Sen., Charge stock:
are andicated to be imported to some extent, similarly as for .'thé'-'v.i_'aoiliti;evs

o the navthern Bluck Sea coast except that the eastern coast imports woald
appesr t2 be nostly crude. Special reference is to Batum nomiﬁhﬁﬁanding the

questionabise status of the Batum rofinery equipment.

Site of old installations with the exaisting degree of modernization and operabie ,

‘wondition open to question. Cennected to Beku Region by moans of pipelines

extending acruss the Caucesus isthmus. Presont condition and even existence
of these lines espoucinlly uncertain. The minor Georgian Region is offzet to

the north of the route of the lines. ‘ ' e
- 129 =




”

f, Modsrnized axcess facilitles that possibly handle siocks produced ii. excos:
of focilities elsewhare in the USSR, Imdquaw fasilities ara ind:cetad
ip the Eh)ba. RegionA and in the Second Baku area (kam, .Ural', and VYolga Reglona)
z. Ural Region, Perding furtha'r'.dat'.a £4rm enough to warramt revision, ho
_joddcated armual thermal conversion chgrge may be increaad o tho osder
of 1,5 million metric tons at Ufa, considering the actual plamd sorabructions
mads by Alco and Lummus,
n, Volga Region,
i, Molotgw V éa facilities posalbly also f:rt;ceaa f’echora Regioﬁ plock..
J, fndustrisl centers with installations presumably in sexvice on ea:c‘as; stozks
produced in the Second Daku, |

k. In‘the largest natural gas producing reglon in the USSRo

A2
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Table . Generslized Houdry Svstem fAseumed for USSR

Combinec lioudrv Cracking enéd Reforming

Iroduetion Data a/

iroduch Stock BICL o/ Toffx &/ Vol § W% Ib/ll  Bblsle o
Alkyletion Charpe

Stock 1,300 44,4690 17.3 11.8 4eI5 20.3%0
Taopentuane 275 9,940 3.7 2,6 5.20 10.19
7 Aviption Bege 2,200 ey 470 29.3 R4.9 6.18 2.9
llotor laphtha ) . RN 11,840 3.2 3.1 710 7.39
lloulry Gas 0il b/ 2,950 151,710 39.4 39.9 7,40 7.9
Folymer Cas 0il g/ 130 7.200 1.7 1.9 7:95 6.0
Liguic Feeovery @/ 7,095 319,€50 9.6 B4.2 i *
Coke and Cas # 60150 # 15.8 * *
Virgin Charge 7,500 380,000 100.0 100.0 7.29 7.20
8 Desis of Badper desipn date, generalize’ for the spparent charscterizetis: foce

4

8o
L,

tors of the typlenl end suiteble USSR pas oil charge stocks. 100 perue
rerorrins charfe essumes "2 '# the Houdry cracked pascline, debutanized ai

Cherpe stock for thermal cracking.

&

Reeldual Tuel oil produst.

Exclusive of liquified stocks moétly canpriged by prépane an¢® lighter, iasofer as
these nay be Cerived from the gas for procuct or for polymerization cherys.

Barrels per calender day.
Velrie tons per year.
Barrels per metric ton.

Tsta not appliceble.
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Table 10, Cenernlized By504 Alkviatior Uit for OSSR

Correlated in Refinery with Houdry Syaten

Froduction Deta n/

Eroduet, Stogk LY Tefiry/  Velf WML flmi Dulfie 74

bo

Co

do
e_o
£

k4

Lirat flend Stock b/ 650 22,170 31.0 31.2 430 10,73,
hvietion Alky .ate 1,050 43,060 50.n 60.7 5.490 2N
lokor Alkylahe 100 00 el 5.3 6.450 P8
Licuic Rooovery 1,800 69,730 85.7 ug. 2 - :
Crs om Losy # L2770 * 1.8 > )
totei Charpe p/ 2,100 71,000 100.0 100.0 FARY 10,40
8 PBesis of Nadger design data: genernlized for a typleal refinery project naving

thermal eonversion units » both reforming and eracking, operanted together with
& similarly generalized Houdry system, : o :

Vor gasoline blends. Essentlally composed of €4 (4carbon hydreoar _An)"‘ﬁ‘?'o“f‘*”
including all nermel ( strelght-chain) components, contained end not’ yeactex! ia the
charge. o . : BTt

Essentinlly C, stocks. In.this hypothesis, varies from s third ié__-.‘f.asr: than el
by weight in components derived by non-catalytic procosses (chieﬂ;y thermnl
wrecking sné reforminp ), S

Barrels per celendar day.
Jietrie 'téns per yeax.
! Barrels per metric ton,

Date not spplicable.
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Table 13. Tluid Cutslvtic Crroking of Soviet Ces Olls:.

Correlated Yield Tata for Averare Charge Stocks o/

- Ll L ARITEYOY 1 3 ] ottt w g T P BEY S S LTS S ra— € WA v-
Erocuct Stogk ' Yol ¢ W g Lb. /oa b/ Te o
L1lyYetlon Charge Stook 14.5 2.6 5.00 1 50
Isopentane 4.3 3.0 5,20 17,09
fviation Nese (340 °F E.F.) 30.0 25.5 6.4 720
-otor Terlitha (340 °T-400 ©F B.T,) 11.5 11.2 N R
Cotelytic Cas 011 b/ 3427 35.8 7.76 €. 76
Ligui¢ Pecovery }}’ <5, £5.1 ¥ *
Coke 13 4a7 ¥
Ces * b 2 ¥ 2
Virsin Carrpe 00,0 17,0 7,43 &.S7

S

g ince~throust operetion 'dAth Fluie Process yielcs correlated l_-::l.t,h the loviry dusipn
processing ylelds. Genersl teclnicel consicerations applied s ossmming the op'ipnm
nverrre cherpe stock for Fluid units, &t 25°LFT or 7,53 +/cali, to be +1irhtly

hezvier then the eimiler pes oil charge for Houdry units, at 2r OAFT or 7.3% //ral.

Do  Therrsl cracking charre stock.

G’ Berrels per netric ton.

&’ Exclusive of irquified stocks mostly couprised by propane and JAdghter, ionsofar
s these e gerived from the gas for product or for polyrerization chorpe,

¥ leata not aprl: coble.
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b,

Besed vpon technicel data directly derived for USSR petroleum.,, ’Khvh wiese date

correleted with whet are Inmm to be plausible sné rensormble: mperu»-. s in

aversre cruce oils having the general characteristics indicat.ve‘d' for Soiiet
stoks.  Certain critical details of the properties result f’t'om tochniel and
ensriaeering interpretation of 't.he data {riven in Reference 1 and in h,.,:a COMm
pletz and often fraqnentary form, in numerous other mteuirence weporiv., In
Yeference 1/ anolyticel dota sre riven for more than 150 representati USSR
aruca oil szmples, selected f‘.‘rom the various oll produetive rggions ir tie
comtiry. bLadper desipn dete for lloudry systems slso provide 'Fez:_hnica . Getells
for typleal Soviet stocls. Older publiszhed papers include eaginesrin; cralyses
of Soviet oll types atill belnr produced in quantity. In the prééen‘b sorrela-
tion, the ninor effects of slicht veriotions in everage crude o1l denuities ere

nogleated (cf, Toble 15 anc the subsequent Table 17. )

These percentape enc density deta are those previously derived;}-‘i.‘;r evisere appli-
cations Lo UDSR stocks. (Cf. Tebles 9 and 15.) The values are roundcﬂ off
numerieclly, and the volume and weight ylelds are here brsed upon the scundzd.
cflf volumetric percenteres end densities. The roﬁndec“-off we;l;ht pez;f rbagas

cre goretires slirktly fnconsistent with the weight yields.
Borrels per metric ton.
These gas oil charge densities are here applied for ca»smuanrizsonE and consistency

with the data in other tables, The given gas oll chargo densities are, howaver,
slightly inconsisterit with the givan gas oil charge percentagos referzai to a

crude charge containing the other atocks (J.ight distillates a.nﬂ crudo msiduas)‘

vith densities and percontagaa as shoun.

@ 1l -
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Various wriscelleneous stock losses are considered to de inclided in th:
lesses s cdesifnated. The niscellanccus losses include those in blend:

chemicel treating, lubricent manuwfacture, asphalt preporation (f.e., b’

eto.), and the like. Volumetric losses are nst above liguld recov iy -
rrocesses, It should be noted that if the total liquid vroduct voiume
lated in a process, with this total inecluding the equivelent liguid ve.
rosesy anc if this totald Is compared with the similar votal fox chc'ii'{ze

to totals nmay differ consicersbly., This difference rasulvs from shem

version of components, and it moy otherwlse result by ihe mere ghysica

of conponents from a mixture or solution. EKither li:uid volume total -

2

Q

T

[y

a

-
J

s apereion

» oe tha
lerrer, computed at a given temperature oné pressure. The product Sots: ig
usuelly the larper in cracking sné reforming, and tendsz to be the iargc: in
simpls frectionation.  The cherpe totel iz typleelly muach the lerger 3. & re
versisn.
7inal residue ges in thls estimate Includes C4  stock possibly recover iie for
seasoaal blends of the indicated gascline stoeks. Pinished gesoline R s oru

not incicated in the sorreisvion. Campletely omitted sre the arcmotic

virtuall; required in avges blends., Hth respect to gasoline vapor pr

1imits, the indiceted posolines are probebly incapsble of abaor.foing nat

Ccditivng’

TEHAAD

el pee

liquid: if ise 1s made of the recovery C4 stock aveilable in the incisc:.cd resi-~

. - .
due gas. This concition prevzlls since the gos reversion of 04 Iy

trivizl, compared to the typicel large procustiosn of the Cs étocksﬁ-:her:

crecleing is practised to the hish reolative degree hore indicated.

This sotsl inclufes a separete estiucte of rbout 2.0 nillion metric tos

production of lubricents.
tetric tens per yeer.

Barrels rer metric ton.

an‘.9¢
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tnerzal
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£o Frobably ccneidered to be pet ylelds from the :sfineries,

8o (7. Reference 13/. let produects shown in contrast to the pross or tcﬂ.al values
calewlater for all Soviet refinery unite snd systems. The US values sre besad
uron publlished stotisties giving volumetrie data and epparently not othervise
composited so as to eliminate certain minor inconsistencies in these data.

Averzre density date aere estimtéc’l for the US stock productions.

he Fasentially comprised of virgin and conversion stocks, obtained from crude for
seasonal gesoline blends with natwral gesoline. Small quantities of natural

{asoline may be actuelly included in blends, howsver, in the net products reported

from refineries:
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8, /ssumed to be confined to production in the Second Brku.
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d

Bo

2.

This everage cruce is estimeted to be heevier thon the 1950 averege, ¢ to the
expsnied productions in Soviet Central fsia snd the Second Baku. @h:is the

8 viet Central }sia.crude tends to be somevhat hipgher in liquid densi®: as cco-
pareé with wbat seemed to be the USSR av: age in 1950, the Ceﬁtral igis stock |
has good quality. Lov quality appears to be on the other hand e fesiv-a in Leavy
erudes conrrising about tuo~thirds of the Second Beku produstion. 3. this

low grede two-thirss of Second Beku production, sbout 25 weight perzes. of dis-
tillute rmoy be obtained with the liquid dist.llate recovery unfit for -asolire
but suiteble for reforming charge. The remaining 75 welght percént i the letter
stock appesrs to be too hirh in sulfur, and zlso too high in cerboa «::vent
beccuse of condepsee cervocyclie nuclesr structures in the hydrocerbe: :, to

yield res oll sultable for catélytic cracking. The 75 weight percenil. ‘zsidaum

iy furtherore daessribed to be of two types. Oﬁe type comprises rboi: (0-elght
percent of the totel, and is & resicuel fuel oil toc refractory even 7 .r thermal

crecking.

i)

This thermal cracking charge is heavier then the corresponding cherge .a th2 1950

operstion, ond is shown to yield a lesser percentape of gasoline, Cff “vs1 ip,

This pol) gasoline is sssumed to be produced &t Krasnovodsk, in a phezioris
acid catslytie polymerizastion urit installed with the Houdry System gw:oréing

to Bedger Compony desipn data. Cf. Appendix 2.
Cf. tote &/ wALLE 15.

Cf. Yote b/s 1APIS 15, Recovery of Cy stock for seasonal blends is oguna not infer:
fue to the niyh reletive derree of ges reversion in the present case, wwever, it
is probuble thet even if ell eveileble plant C, recovery raﬁoline is usad, these
resolines oy still be blended out with considerable quantitieﬁ of neunrel resoling

or even liglter natural gas liquid.
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To meet requirements.

‘etric tons per year.

Barrels per netric ton.

" Tnis total includes lubricents separstely estimated at 2.4 nillien met i tons
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Teblo 23
Postulated Operations in 1955 a/

Thousand ):: ‘gie Tons

Alternate Opepatic .3

High High
Octane Distillate Iy rmodiate
Beting _Jield = “oogrew . .

Gas Loss o , 884, 884 884
Stirelght Run Gasoline 2,730 2,730 2,730
Haphtha Charge (Totsl Charge) to Thepmal
Reforming , - 5,096 5,006 5,086
Intermodiste Distillates to Produsts 10,140 10,140 T 9,040
Virgin Gas 041 12,870 12,870 12,870
Iubes and Specialty Residual Produsts 2,730 2,730 2,730
Crude Residuum 17,330 17,550 32959
Crude Charge 52,000 52,000 12,000
Virgin Gos 011
Charge (Total Charge) to Catalytio Cracking 12,870 1,514 2,854
Thermal Cracking cgrgo 0. 43,3%6 - .216
Total Froduction 12,870 12,870 <2,870
. Therwal Cracking Charge , 13,650 o 5,850
Fuol m.}.TProduct : ) 1 3,900 o o
Charge (Total Charge) o Thermal Vis Q 37.5%0 0 Wy(vo]
Total Preducticn 17,550 . 17,550 15550
MY N »’x,. = i Ay A 3 "
Crude Residwm 13,650 ) 3,850
Catalytis Cas Oi1 4,718 606 4,080
Vicpin Das = o 2 %ijﬁ "'?’zy%
1a o Gas g o2 107
Totel Charge 15,35 13,015 8,268
Alkylseion Chazge ' 2,254 276 489
) saticn-Hydrogsmation Predust 80 80 80
Polymez Casoisme Produst 1o 0 0

8. Swoary of detaile shown in Tebles 17, 20, and 31, Appewmils B
bo - More explicit swzmmries of the crude dintillalien eporadions ave pue s del inm
Tables 23, 26, ezd 27, Appendix B,
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Table 30
Thermal Cracking Yields g/

—Applicd o Apnlypes of 5::yief Bafint

a.

Gas Losw

Stahle Cyeoked Gesolime
Heavy Cracked Diatillates
Residual Puel 08)

Totsl Charge

CGas Lose

Stable Cracked Gasoline
Heavy Crecked Distillotes
Residunl Fusl Oil

Stable Gracked Gagoline
Heavy Cracked Distillatss
Rosidual Fuel 081

8¢
.

Stable Cracked Distillates
Rosiduel Muel Of1

‘Total Charge

Woight Volumes
Fopoent Powcont
- .31.0
35.4 42.0
6.5 7.0
4308 _40.0
100,09 100,90
12 "‘9 u)o
334 2.0
6.5 ?.0
A9a2  40:0
100,90 100.0
12 05 n ‘70
26.6 32.8
6.3 7,0
5203
100.0 100.0
&
12,9 13.¢@
384 4H2,0
6.5 2.0
H3:2 40,9
100,06 90,8

2
.32
700
3,47

750

UalGal  BRLAY

8,31
7.5
6.2

7,0}

8.2
7.5..
6.1

[
7.5
6.1

6.7

8,15
9o
6:10:?

6.8

ac Applied in Tables 15, 17, 20, 31, Appendiz B.

Data not epplissblse,
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APPENDIX €

Comparison of Intelligence Estimates for the USSR

1950 Data for the Natural Petroleum Industry

Boglonal Production?, Refining Facilities, and Refining Operatdon:

Tnt.roducﬁo;g)low

The annotated table.s of this Aopendix serve to compare and correl:ic the basic
1950 data of the foregoing text with various coménonding estimates incenendently
derived by other intelligence grouns, primarily referring to the estimates of this
sort recently made available by another or second agency directly inteprated with
the oresent agency in the intelligence community here involved. y 1Y }_6/ The
tables specifically pertain to this princinal or primary objective as lcllows:
Table 36 refers to the estimates of crude oll productionsby regions; Tzable 37 re-
fers to the estimates of.: installed refinery capacities; Table 38 refer: to the
estimates of refinery productions.

The present stwly of future Soviet refining votentlials is baged Cﬁwr the
estizated 1950 ‘data shown in Tables 36, 37, and 38. Aas thus shovm and :polied
in the subiect text the estimates for rezional crude umeduction and installed re-
finery capacity were directly demlved from two orovisional pevnorts mroccding the
present in the correlated series of papers, CIA/RR FR-17, Petroleum in ihe Soviet
Roc, I-B, Preduction And_ Exploration of Petroleum in the USSIi which dsvelons
the estimates of regional crude prodwﬁm;a with estimates of corresmoncing
future {L.e., 1955) nroductioma includad (cto'Apoendﬂ.:;as A, -B, 0 of Pan:r B);
and I-C, Refining of Petroleum in the USSR which dev;lops the ré_finery capacity

estinates. In contrast to the three sets of estimates thus noted, two “or
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regional crude px"oductions and one for installed refinery capacities, ~i! esti-
mates for future rbi‘inery installations and likéwise all estimates for ite 1950
:nd future potential refinery productions are initially dave.looed in t': nresent
provisional paper of the series, i.e., in I<D, Survey of Possibilities ::d Poten=
t1als 1n Future Petroloun Refining in the USSR, The following comoarlucns are
here included in tabular form because of the importance of the estimatas Ol'iginl%
ting with the second mw;ligence agency as above noted, with these es:i.ates made
avdlablg subsequently to the final wrenarations of Papers B and C, 7Tl come
parisons avpear to show that the second agency estimatc;a are generally raconci-
lable with, and in the same order of magnitude as, the nresent agency =stimates

if the respective values are resolved as applicable grouo totals.
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Table 36, Natural Petroleum Production in the USSR
Intelligence Estimates of 1950 Regional Productions

Thousand lzuric Toxis

Productive Region or Other Area

Carpathia.n (wWestern Ukraine)
Eastern Ukraine (Summy-Romny)
Wkraine SSR

Volga=Ural
Kama

Sscond Baku
Pechora
Sakhalin
Crimea
Kuban-Maikop
Grosny
Daghestan

RSFESR

South Georglan
Baku
Soviet 'rranscaucaada

Kirghis
Usbek
Tadzhik
Southeastern Soviet Central Asia
Turianen
~ Emba
Soviet Central Asia

Total USSR g/

Kubsn--Maikop

Grogzny

Daghestan
Soviet Cisgaucasiam
Soviet Transcaucasia
Soviet Caucasia
Crimea
Ukraine SSR
Western-Southern Reglons

"Second Baku |
Pechoera
S
Seviet Central Asia
Eestern Regions
Western-Seuthern Rngionu
Total USSR i/

¥ Yoatnotss follow on p. 192,
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Reference: :
Bresent _%cond

Fan a/#  Agency I/  Agency

305
Lz 4.
325 330 00 &/
- 11,200 10,000
] 325 100
9,190  IT,525 10,100
L8o Lco
B 8?2 1 i}oo
15,30 2,520 25500
2,0h5 2,800

ok 92
110 115 £,

17,000 15,1 15,000
7% ﬁ"‘zé? 15,506 o/

35145 37,500 38,000

lhzo 2,500

? 2,045 2,%
gy o 2By
y 8
=y 72,576 o/ %ﬁ% z'azzaa Hj
325 - 333 00 8/

vy 115525 10;.1300

19,190 80

us0 3,608 b
2o Blwe 2100 of
f 3,

L3




a; 1950 goals pi'ojected in the Soviet Fourth FiveeYear Plan. Cf, the ccirelated
provisional paper CIA/RR PR=17, Petroleum in the Soviet Bloc, I-B, Producilon and
Exploration of Petroleum in ths USSR: Appendix A (Table 2); Appendix B (Ssction

2: Table 3, TaMe JA; Section 3: Reference k (1), k (2), k(8) )o For = diffevent
reaiaw of e Pourtho™ wieTesr Plin, cf, ibid, ¢ Appendix B (Sestion 2 Table 3,
Table 3A; Section 3: Reference a (8) ),

b, Reglonal m'oduetion estimates apnlied in the present series of vrovis;onal .

papers whi.ct'x. éomprisa CIA/RR PR~17, Petroloum in the Soviet Bloc, Cf. s de &

in roomotei 8 above: Aopendix A (Table 1, Table 2); Avnendix B (Sectic: : ¢ Text,

Table 3, Table 3A; Section 3t References a (20), 3, kil), k(2), k(7), :(.), k(1) ).

Thess estimates are essentially based upon tho reported "Plan® fulfillmenis, corres

lated with pre-war statistics (rostly for 1939) believed to be authentic. The

1939 regional prod;zction values are commonly accepted as sufficiently acuurate,

are frequently recorded with insignificant variations, and ars often revorted as

"actual® although this designation appears to involve unfortunate chaicy of terms

in that no record of "official" Sovlet governmsnt conﬁrrmtd.on i3 nresently known,

€. Intelligence agency estimates mostly based upon s erratic saqusnce o& annual

production percentages, variously remorted and usually referrsd %0 annush sroduce

tion values of oarliei date. The percentages collectiwely form a correlas.:d chaln

extending over a several year period, #nd the derived estimatasd for 195C :-mear to

involve comorelhansive even if not ethx&tive analysis of them. .1-1_;/ The »¢Iults of

this analysis and of the mothodology per Io;tnou b above seen to be gene.cally

compiuble within the mar in of deviation fo be exnected. For summaries o

additional regional production estimates, cf, ibid. as in footnote -a abeni:  Apnendi:

- 192 =
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B (Section 2: Table 3, Talle 3A) Section 3: References k(lh), k(18)Y
d. Data not broken down by areas,
6. Cf. footnote £,
£. No acoounting appears to be made of the Crimea and South Georgi:;\n pi’oc.-m:tion
ae?arat.ely; values for these regions aLre presumably involved in the total: lesige
nated by footnote e,
8o Exclusive of the small production possible from Kazak SSR in this prou:.:tive
region.
h. For all of Kazak SSR, including .ths zmall production possible from Ka::l: in
the So‘utheastem Soviet Central Asia pegion.
i, Intelligence estimates goner'a;ly range fro@ 37.5 % 38,0 million metric tons
for the total 1950 'pro'duc't.im of natural Qetmleum in the USSR, These valw's are
: m mn£ cagos ﬁmli.ad as representing cruds oil only, but the nuestion is &-mwli-
sated by the possibility that natural gas fluids - probably liquids in tHy ypisal
mtmce,- but sometimes evon the true gases - may be imcluded in the gemsraiizad

production reports released by Soviet and othot sources, For summary of Linortant
data relating to 1950, cf. ibid, as in footmote & aboves Apvendix B {Seati:n 23

k(9
Text, Tatls 3, Table 3A; Sestion 3: Raferences k(7), K(8),/ k{11), 1;(13), i),
k(18) Y

J» Including the emall nroduction of the Crimea region.
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Table 37,

i <ic W

"D e R am e o

Comparison of Estimates of Charge Capacities

USSR Natural Petroleum Pefineries Essentially as of 1950
Crude Distillation and lhermal Conversion (Cracking, Heforming) SN

Thousand Metric Yons rer Year

Site

Drogobych
Odessa
KXherson
Osipenko
Tuapse
Krasnodar
Batum
Grozny

Baku
Makhachkala
Krasnovodsic
Nobtit-Dag
Cheleken
GCurev
Jakino
Stalingrad
Orsk
Chkalov
Saratov
Kuybyshev
Batrald
Sysran

ufa
Ishimbasvo
Sterl tamak
Tuimaze
Kazan
Krasmoitansic
Chusowskdys Corodki
Molotow
Ukhta
Mosoow
Yaroslavi (lﬁmutant‘lnovald,)
Gorki

Laningrad
Restern Soviet Contral Asia

Faxrgana
Vannovskaya

Kim
Stalinabad

Komasonslak
Khabarevsk
Mikolagwsk
Ol

Lwow

Tiflis
Dzorhinak

19 Minor Sites

Total USSR

#  TFoomotes follow. on pol97.

Wa e e -

I, Basic Data Data
Proaant ﬁency afs  Sacond cond Auoncy af
Basis
1 January 1951 Midyoar 1952
Gods oAl Grude T T E/
360 L8 360 o
250 238 0od/ 2% 59
0 238 0 250 o/
] 237 ) o¢/
2,000 3ok 2,000 500 3/
900 o z/ 1,ooo e/ 3001/
3,100 785 éy 1480 e/
6,400 J557 7,,000 / 900 e/
15,750 679 15,000 8/ 2,000 of
90 0 y 0
1,020 1,,01;0 1,020 600 3/
250 349 250 k/ 0¢/f
160 0 LBV )
600 528 560 ¢/ 730 of
N 0 0 g/ 0
200 0 od/ ©
1,500 570 1,500 300 y
-0 1,000 0o 0
1,800 2,3h3 0 4/ 2.100 3f
“k70 1,000 1,000 e/ 1420 &f
2w aml sy
500 2,000 €,
B om "Iy iy
0 570 0 0 n/
160 o 0 o 3 08/ 0 o/
£ 200 o 222 00 p/f. 0¢f
265 of 269/ 0 5 0¢/f
55 1810/ 09/ 0%/
250 0 250 0
820 380 04/ T00¢/
5 190 5008/ W00 8/
600 Lse 600 og/
100 226 0g/ 0g/
1,090/ _ 42s/ 805/ 0¥
1,1%0 o of 0 g 0g
oy ¥ wy oF
300 o/ 8/ Sor/ 0gf
300 of af 0 s/ 0 e/
605 o, . 158 o/ 600 o/ - 250 ¢
S5 Y 158 é 550 é 250 é
98 158 g?’ 0 o/ oe/
0o/ ~ Og 0
ks 0 o 0
;g 0 20 J o
0 150 ¢ 0]
kihi;920

17,300 42,kho 212,930
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Table 37. Comparison of Estimates of Charge Capacities (Continved)
USSR Natural Petroleum Refineries Essentially as of 1950
Crude Distillation and Thermal Conversion (Cracking, Reforming}

Thougand Metries Ton:: y:er Year

Site

Drogobyeh

Odesaa

Twow

Borielav

Minor Sites
Ukraine Area

Tuapse

n'asnodg 14

Hakhaohgla
Armavir

Astrakan
Ciscaucasia Area
Batum
Balew
Tiflis
Mirzaana
Transcaucasia Arsa
Krasnovodsk
Nebit~Dag
Chaleken
Gurey
Iskine
Stalingrad
Novobogoiinak
North and East Caspian Area
Fergana
Vannovakaya
Kim

Stalinabad
L Minor Sites
Central Asig Area
orsk
Sarabtey

Popdepralos v
Batraki
Syzran
Efa
Ismbasvo
Sterlitamak
Xaszan
Kresmoicamsic
Chusgoskiye Gorodid
Woletov
khte
2 Minor Sites

Eastary Volga-Ural Area
Moscow
Yegoslavl {Ronstantinovski )
Gorkd '
Leningrad
Dserhinek

a

Weatern Volga-Baltic Area
Komaomolsike
Khabarovsk
Oktha
2 Minor Sites .

" Far Fast Area

TOTAL USSR

Sourco )
Present Sacond aird
Agency Agency Sourea 18/
360 350 360
250 0 250
ks 0 50
20 0 20
i
$00 1,000 1.C00
&,L00 7,000 5..500
% o 200
0 0 200
0 o .50
Ta% 10,000 530
'B‘fi“&\'o‘. — '”'.‘!:66'6 " L.000
15,750 15,000 16,000
20 0 0
10 0 .o
18,580 7,600 1550
1,020 LT T
250 250 250
0 0
600 560 600
i -0 0
200 0
2 0
0 150 750
300 50 300
300 0 300
80 -0 'El'?
X,500 RS TUT R W 7
1,800 o 1,800
L70 1,000 50
& [o] 0
$00 2,000 1,000
10500 thOO -'.9500
Lo 1,000 1, 000
550 0 0
160 0 160
200 j00 200
265 o} 1.
sis 0 1]
B30 15,050 “F.780
i 4] T8
s 500 500
600 600 800
100 0 0
50 150 )
12 15
545 550 500
04
Lo o
0
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& 4 General Notes,

These comparative data summarize two set of estimates of natural putroleun
réfinery capacities in the USSR, One set is as developed by the oresent agency
in the panerdesignated as follows in the present series of provision:l reports:
CIA/Rt PR=17, Petroleum in the Soviet Bloc, I=C, Refining of Petrole%%-.m in the USSK.
The other set is as quoted orally from files by a second ihtelligeno,:. 2448N0Y COOr~
dinated with the present., ]é/ These data of the second agency are understood to
be based won conclusions dra.fﬂed in files and vartially published ix 5 series of
information memoranda. 17/ The Aconparison is primarily concerned wiih sstimated
charge ratings in 'Ié/b (thousands of metric tons per yoar), referring ¢o crude
distillation facilities and thermal conversion systems, It is notsd that the latis
are presumably restricted to cracktné and to a lesser extent reforminz in the case
of the Soviet Umon. .

The two sets of estimates differ considerably in details by sites, It 1s
aonarent, however, that these differences result because of v?iation ur the
interpretation and evaluasion of data, and not beemse of eassential Gifisrence in
range and content of the many reports used as basis of analysis, It is indie
oated shat ths @ucond agemsy analysts consider theis own estimates toc b ag dofi-
nitive and conclusive as possible under the chrcumstances, and furthe: considsr
that they have amalysis programs in progress to result in revisions wiih the Sams
status, 1In contrast to this, the present agency analysts consider ali xsucfx esti~
- mat®8 to be no more than tentative values at the presant Lime, and have internretad
the available dada to derive estimates somtima'varying from those oi the secamd =z .

= 197 = ,




SECREE

The nresent age‘nc:'r"haS“f’é"w‘rféﬁ'éﬂ‘ﬂ’t‘é‘?&é?ﬁ“@h&”iﬂteﬁrg‘ewm'tmﬁ“?:'E?ﬁ'?:‘l'ﬁa'é'd'
that there is some basis to supnort, and no f£irm evidence to refute, the variously
similar and different values shown in the two ;ets of estimates, One :vason for
variance appears to result from the second agency attaching more signivicance %0
aerizl photographs now as much as ten years old. The tabulated data show the com-
parison between estimated chirge capacities for crude distillation and thermal
conversion, Although the second agency estimates appear to be referred ‘o a date
later than the basis of the present agency estimates, this differeasce i date doss
not account for the major differences in values,

For the cm&o distillation charge capacity ratings in the USSR, %h: estimated
total valuss seem to be compatible within the range of accuracy to be :uirected,
considering the confusion, contradictions, and fragmentary character o the avallabl:
intelligence. The present agency total is LL;920 Te/Ir as comvarad to the second
agency total of L2,Ll0 Te/¥r, giving a difference of 2,L80 Te/¥r. Thia difference
is a net value resulting from more considerable differences in the debdails by sites:
The detall differences are comvensating in pard, end they consist of tiuve general
types, namoly: (1) variations in capacities derived for the 23 sites whigh corres-
pond in the o sets of estimates; (2) variations due to cavacities derived for 18
major sitee@ which do not correspond, whers all but ane of these major iites are
restricted to the present agency estimamé; and (3) vax'iatiofxa due to «apapities
derived for 19 mimor sites, all restricted to the present$ agency sstimaiss., Foot=
note# in the attached table explain the major reasons for the valuve diiforences at
particular sites. The difference between totals is equal to 5.5% of the vresent
agency tutal and 5.8% of the secomd agency total,
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“For crude distillation charge capacities a.t the 23 corresn?nding sites, the
aggregate Ls about 84% of the total in the wresent agency e_atimatr».é, and about 8%
of the total in the second agency estimates. The second agency aggregcie exceeds
the present agency aggregate by 3,965 Te/¥r. The difference constltutes 10,5% of
the present agency agpregate, 8,8% of the present agency total, $.5% of the second
atency aggregate, and 9,3% of the aécond agency totals The two sets of estie
mates for crude distillation charge are therefore not only reasonably compatible
with respect to totals, but also with respect to the aggmga@s of detztl values
at 23 corresponding sites, where these aggregates in turn consﬁ.tute most of Ghe
resvective total values,

For crude distillation charge capacitiesat the 18 major sites which do not
poxfres;)ond, the aggregate of values at 17 places in the present ager}cy correlation
1e 6,052 T/¥r more than the second agency value at the remaining or 18th sitae,
This difference is equal to 13,5¢ of the present agency total and 1U,3% >f the
socond agency total.

For crude distillaticn chuarge capacitles at the 19 nﬁnor sites not represented
in the second agency correlation, the agmregate of the present agency v:ives is
393 Te/¥r, constituting less tham 1% of either total.

Inasmach as the second Iagency analysts do not consider their thermal conversion
oapacity estimates Lo be somplete, whereas the present agency estimates ave tentas
tively derived for edmolete coverage, the two sets of estimates have no comoarable

basis in this respect.
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b, Second Agency considers this compilation of thermal charge capacity to he

tentative and incomplete,

¢ Second Agency considers the avallable data to be insufficient for ceafirmation
of existing facilities,

do Second Agency considers the available data to be insuffic¢ient to establish the
status. of facilities although the facilities are admi. ttedly possible.

e, Divergence from the Present Agency value appears %o arise from differences

in judgment and evaluation of available data,

f. Present Agency has been unable to find firm inference of conversion facilities
at this site, and believes thatan existing extensive road oil and asphalt plant
has been called a cracking plant through error,

8o The decrease from 3,100 to 2,000 appears to be & matter of arbitrary estimate,
to account for possible obsolescence of old equinment and reflect the oor condis
tlon of installations:.in situ as indicated by'?:hobographs- tén years olxi,

h. The ;norem above the Present Agency value ammears to be a matter of arbltrary
estimate, to account for uncon.firmed reports of maw consthxction where axistence

of ths new construction is sometimes indefinitely indicated by reported movaments
of ofl,

i, Sscond Agency considers tha avallable data to e snsufficient 4t.o confirm t.ho
.prese'nt'_existence of facilities even though former existence is addtiedly wossible.
J'o It appears that thu .Secc;n.d Agency dt;és .l;ot'inc;lude a valueA for lend=lsase there
mal conversion facilities,

ko This value 18 based unon old installations and the Second Agency conclusion is ‘

that the current status is doubtful,
= 200 = ,
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1. Second Agency considers thai later data have been inSulllCient TO COiHL. M €db=
lier reports of existence,

m. Second Agency omlts accounting of facilities, even inciuding those k.uom to
have been installed by Lummus and Alco.

n. Second Agency considers the available data to te insufficlent to cori:i:m the
present existence of facilities even though definits constructlions have ..o:n planned
in the past,

o, Present Agency believes that data are sufficlent for reasonably cons:suent estie
mates of the total capacities by types in the Kama, Eastern Soviet Centr:i Asiu,

and Soviet Far Kast Reglon, tut that the compdnent values are cioubtful a sartie
cular sites, '

Po Socond Agency considers the available data to be sutficient to estal:iish no
Xama Region capacity excent as showmo

qs Present Agency does not consider the avallable data to be adequate fur estis=
mating themmal eapacities by siies in the Eastern Soviet Condral Asia Re;jiom,

r, Second Agency considors the available datz W be sutficient to estabtiish ne
Easterm Sovist Central Asla Reglon capaﬁty except 28 shown.

8o >Nn more than 1,000 BFCD (30,000 mutric toms ner yoar) at any ons sit:,

t, Corresponding crude distillation capacity estimates are currently gi:en as

follows in a fourih murces 19/

Site *  GCepacity
Tuapge 2,000
- Krasnodan 1,000
Grozny T 6,700
Batum 3,055
Baku 15,000
*
- 200 -
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@, Qaneral Notes for ths Pressnt Agency Bstimates,

The subject estimates were derived by the present agency and then yplied in
the series of provisional reports or papers collectively called CIA/RR FR-17,
Petroleum in the Soviet Bloc. Tha estimates wém primarily developed ir two pavers
of this series as follows: the present paper in I=D, Survey of Poseitilities and
Potentials in Futwre Petroleum Refining in the USSR; and a paver in I: 4, Soviet
-Bloe. In the designated I-=D the va.rious refinsry ylold percentagas w: x establish:
won the basis of technology generally contained within three cate~ori:s thus:
technology applicable to the capacities and process :acilities estimai:d to be
vresent in the Soviet refineries; technology with respect to nracticat.iv ylelds
obtainable Ly meana of the Soviet distillation and conversion refinery processes,
applied to the crude oils having the qualities reporiedly, probebly, c: reasonably

present in the USSR; technology as reportsd for actual Soviet refining cverations,

LY

with plausibility checked by correlating with US prectices,

Throe simplifying generalizations wsro noxt assunmzd a.s follows, irn: order to
owly the seweral refinery unit ylelds and thereby dovelon the 6:»wr=v9:£.3. nroduction
vercsntages, As a first gensralization the estimated total erude pro:uvtion was
considered to be the charge to refining. As a sscond, the gross prode:iion yieldé
ware calculated from the separate refinery units, ond the overeall produstion of
" a stock was calculated as the total of the unit gross yiel@s of that 7ve of stock.
As a third and last generalization, base and blend stocks were showm ior engine
fusls such asgasolines, "tractor" fuels, 'Diesell fuélzx, Jet fuels; and ac ascounting

was shown for the finished engine fuel bleuds (mome of these finished “lands would

oza‘a
§rECuBeReT



Yogically utilize hydrocarbon stocks not derived from natural drudo o1 7. In IV-A
as designated above, and as here summarized in the iwo parts of Talle 43, probable
and plausible loss factors were derived so as to establish, first, a pratable ree
duced quantity of crude oil available for refinery churge, and second, il3 proba=
ble reduccd and net quantities of petroleum products available for consumptlon
after accounting for a plausible over-all refinery consurmption of residual fuel
all, It is assumed in the present analyses that an accounting for finished engine
blends would have insignificant effect wpon total valuveso

bs This loss constitutes a typical difference between non-gaseous products and

the original crude charge, The loss is mostly comosed of the perinerw cr tail gas

which serves as fuel gas in the usual case, The remainder consists of ncima). materiz

losses such as in carbon deposlts and sludge waste, The caleulated loss factor of
7.8% .48 rounded off to 8% in spplying the data for net ylelds (cf, IV=i a3 da-
signated in footnota a above). &

co The second agency estimates are derived by a comprehensive &l;!d dAatallad corre-
lation of the many fragrentary refinery production ¢ata reverted in a rumber of
Soviet, publications, covering a period of several years preceding the vresent time.
These renorted data are uwually in terms of percentages referred to priur annual
producticne but without gxnucjt. evaluations of the prior ylelds. The study of the
secand agoncy has, however, doveloved and applied a chaim of faclors sc as Yo
establish estimated values for the net Soviet annwal refinery preducticus since
19k6. 16/ Referring to the total stocks by typ;és_ classified according o a basis

believed to be consistent, the prasent table shows that the present and s acond
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agency estimates are at least in the same order of magnitude. The T)I‘B.‘T;Z}lit agency
estimates were derived 2s plausible and probable values upon a technole r.cal basis,
and there would probably be suffi;:ient floxivtlity in the Soviet refin:i facilitie.
to produce ylelds as shown in the second agency estim:tes,

do Reported Soviet petroleum product specifications zhow that Migroir® is a
naphtha blend reasonably classified as a heavy gascline; and that "meto:» fuel" is

a heavy or mar,-i:;xe tyne of D'iesel fuel containing heav,” gas oil smd res - al stocks,
probably to be classified in the residual group of products Lfor c:;mpar:s e Wit

the present agency estimates. 20/
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APPFNDIX D

USSR HOUDRY SYSTEM REFINFRY FLOW DIAGRAMSH#

D ) Material Balances and Liquid Volume Correlatione

- | Plant No. 1 (Gurgv)
FPlant Noo 2 (Orsk)
PM.ant. Noo 3 (Kuybyshev) Original Proposal '
Plant No. 3 (K}n'?}yshav) Smlemntar_\; Pronosal.
olant Noo 4 (lu'asnovodsk):onginnl Proposal .

Plant No, I (Krasnowodsk) Supplementary Provosal

Aeﬁ data are either nil or not apnlicable where omit::
in the tabulations in these figures,
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